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T h is resea rc h  was cond ucted d u ri n g  the period of 
200 1 12002 to determ i ne t he therm otolera nce of date pa l m  
leaflets reprod uced b y  tissue c u l t u re a n d  com pared t h a t  with  
the  tolera nce of offshoot for the  sa me c u l tivar  Rzaiz. H eat  
tolera nce of  these leaflets i n  the presence of  h igh  sa l t  
concen tra tion  was a lso determ i ned.  Tissue c u l t u re p lant lets 
used i n  th is  i nvestiga t ion were a t  two stages of acc l imat ization,  
n amely  V P2 a n d  VP3 (v i tro pla n ts u nder  acc l i m a ti o n  progra m 
for a bo u t  4 to 6 m o nths a n d  10 months, res pective ly). Rza iz 
offs hoots attached to the mother  pla n ts were a bo u t  4 years old.  
The e lectrolyte lea kage proced u re was used to genera te 
s igm od i a l  c u rves, a n d  from each c u rve the  thermotole ra nce 
was d e te rmi ned at 50 % electrolyte lea kage. Leaflets of the 
t h ree s tages of g rowth a n d  developmen t  ( VP2,  V P3 a nd 
offshoot) we re trea ted i n  the l abora tory with eac h of heat, heat 
p l us  N aCI, heat pl us KC I, H eat  p lu  CaCI2, hea t P l us ole ic acid, 
hea t pl us sa l t  a nd oleic acid,  heat pl us sa lt  a nd KcI a nd hea t 
p lus sa l t  a n d  CaCI2• Conce n t ra t ion,  we re: NaCI a t  1 % wi" 
(me n tioned as sa l t ), KCI or CaClz (0.2 M )  or oleic acid at 100 
I I I  
ppm.  T rea t m e n ts by various che m icals was done by d i pp ing 
leaflet segme n ts for 1 h r  before goi ng th rough the  heat reg ime 
(series of tem pera t u res ra nged between 30 to  75 °C wi th  5 °c 
i nc re me n tes).  
A com plete ly ra ndom ized design was used with th ree 
repl icat ions.  T hermotolera nce va l ues were 53°C, 53.5  °c, a nd 
58.5 °c for V P2, V P3, and  offshoot leaflets, respective ly. 
P retreatmen t  with potass i u m  c hloride, c a lciu m  c h loride, 
or  oleic ac id  m a rked ly i ncreased the thermotol rera nce of 
leaflets. T he used NaCI concentrat ion was not  effective I n  
lowe r i n g  t h e  leaflet therm otolera nce. H owever, heat plus sa l t  
trea t m e n t  resu l ted in  s ign ifica nt ly h igher  e lectrolyte lea kage 
tha n heat  p lus  sa l t  in the prese nce of oleic ac id ,  KCI, or CaCh 
a t  su blet h a l  tem pera t u res. M oreover, V P2 leaflets had h igher  
e lectrolytes lea kage tha n VP3 leaflets at  s ubletha l  
tem pe ra t u res, even  though  their letha l tem pe rature d id not 
g reat l) va ry .  
I nvest igations i n  t h is thesis provided for t he fi rst t ime a n  
acc u ra te dete rm i nat ion for hea t tol erance of the two 
IV 
accl ima tization stages that are d istr ibuted to date pa l m  
g rowers. Results a lso revea led t h a t  there is a pote ntia l to 
i ncrease the  thermotolea ra nce of V P2, V P3, or offshoots that  
cou ld i nc rease the ir  s u rv iva l u n d e r  field condi tions. 
v 
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Date pa l m  (Phoenix dactyli/era L. ) is a d ioecious long­
l ived m onocotyledon c rop. I t  is a m a i n  pa rt  of the her i tage i n  
the  g u lf region.  A long the  h is tory, t h is c rop has  been prov id ing  
people w i th  food, fuel ,  s helter a nd fi ber. T radit ional ly, seeds 
a re not  a ppropriate for com m e rcia l  propagat ion beca use of 
d ioecious ly n a t u re a nd h ig h  gen etic va riat ion propagate date 
pa lm .  Vegeta tive ly, offshoots re prod uce it .  H owever, each tree 
cou ld p rod uce a l i m i ted n u m ber  of offshoots. T his has bee n a 
m ajor  problem for t he m u l t ip l icat ion  of hea l thy pla n ts 
(Tisserat et al. 1 982). 
Pla n t  tiss ue c u l t u re tec h n iq ue has bee n playing a v i ta l  
role in  q u ick c lona l  m u l tip l ica t ion  of s u perior cu l tiva rs and 
e l i m i n a tion  of  d iseases tra ns m iss ion.  T h us, tiss ue c u l t u re of 
da te pa lm ca n meet t he i nc reasi ng dema nd of growers . 
H oweve r, da te pa lm prod uce rs lack acc u rate information 
a bout  t he tolera nce of t hese vitro pla n ts to hea t and sa lt  
stres es. T hese stresses a re usua l ly assoc iated w i th  s low growth 
rate a nd freq uent  dea t h  of pla n ts ( H a m m ouda et at., 1 998). 
M a ny people bel ieve tha t  t h e  agronomic  im porta nce of 
d a te pa l m  is l i n ked to i ts h igh  tole ra nce to env ironmenta l  
s tresses, suc h as sa l i n ity, d ro u g h t  a nd h igh te m perature. 
H owever, to t he best of my knowledge there is no  study that  
ident ified t he exac t  tolera nce level or t h e  letha l  tem pe rature to 
d a te pa lm offshoots or ill vitro pla n ts.  Tolera nce of pla n ts to 
h i g h  tem pe ra t u re va ries wi th  gen otype ( I n g ra m  a n d  B uchanan, 
1984; Leste r, 1985; Wal lner  et at., 1982). T he a b i l i ty of crop 
pla n ts to ada pt to hea t s tress is pote n tia l ly a n  i m porta n t  
com ponent  of  tolera nce to  hea t s tress u nder  fie ld  con d i t ions 
( C h e n  et at., 1 982). As it  wel l  known heat  stress is a major 
fac tor l i m it i ng  the  prod uct ivity a nd ada ptat ion  of m a ny crops, 
es pecia ll_' when  tem pera t u re e x t remes coi nc ide with critical 
stages of pla n t  development. H owever, i t  is not accurate to 
genera l ize w h a t  is  know n a bout  the offshoots tolerance and try 
to com pa re i t  to pla n ts produced III a very delicate 
microenvironment through tissue culture. 
'"' 
-' 
E lectro lyte lea kage has bee n ut i l ized as a n  i nd icator to 
t he thermosta b i l i ty of the  plasm a  mem bra ne ( A h re ns et al., 
1988). Ex pos i ng pla n t  t issue to a tem pera t u re regime a nd 
m eas u ri ng e lectrolyte lea kage gen e ra te a s igmod ial  c u rve. T he 
i nflection poi n t  of s ig m oid c u rve a t  50 % lea kage detects the 
le tha l  te m pe ra t u re for m a ny t iss ues. The d i rect-heat  i nj ury 
cou ld be a lso detec ted by measur ing  electrolyte lea kage 
( I ng ra m  a nd B uc h a n a n, 1981; S u l l iva n, 1972). Si nce mem bra ne 
funct ion  is one of the phys iolog ica l  processes that a re g reat ly 
d is t urbed by h i g h  tem pe ra t u re s tress a nd cel l  mem b ra ne was 
the ta rget of va rious s t resses ( Levi tt, 1980 a nd B l u m ,  1988), 
conseq uen tly, cha ng ing t he i ntegr i ty of the  plasma m e m b ra ne 
d ue to the  heat  stress res u l ts in  l os i ng i ts sem i permeabi l i ty. 
T h us,  the mem bra ne becomes leaky a nd more electrolytes 
cou ld easi lv lea k ou t. 
To the  best of o u r  knowledge, heat a nd sa l t  tolera nce of 
d a te pa lm p l a n ts re prod uced by t iss ue c u l t u re has not bee n 
defined yet. Acc l i m a t iza t ion is usua l ly  used to i n c rease the  
tole ra nce of such pla nt to e nvi ronmenta l  cond i tions .  
Resea rchers have been concerned a bout  i ncreas ing the s u rvival  
rate of tra ns pla n ted pla n ts .  Za id a nd H ughes ( 1986) used 
polyethylene g lycol a nd si l icon r u b be r  i n  order  to red uce water 
loss a nd conseq u e ntly, i nc rease s uccess after transpla n ta tion.  
By identify i ng the tolera nce leve l of eac h  acc l i m a tizat ion  
s tage, we ca n reac h  to  a benefic ia l  reco m m e ndat ion to  d a te 
pa l m  pla ntlets growers i n  term of t he su i ta ble tem perature 
ra nge i n  the  fie ld d uring tra nspla n tat ion .  
I n  nat u re, t he pla n t  is exposed to  m u l t ip le stresses w h i c h  
i n te ract  t o  l i m it g rowth a nd prod uctiv ity (Tu rner a nd K ra m e r, 
1 980).  I t  has  bee n recogn ized t h a t  the  bala nce am ong m u lt i ple 
resou rce l i m i ta t ions affect com peti t ion a n d  
. . 
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n a t u ra l  ecosystem (T i l lman ,  1988). I n  the Gu lf  region,  
tra nsp la n ted date pa lm could be ex posed to heat s tress i n  the 
presence of salt  stress. T he refore, th is s tudy w i l l  ta ke i n  
cons iderat ion the effect of m u l t ip l e  st resses, namely heat  a nd 
sa l t  stresses (NaCI ), on the tole ra nce of date pa l m  pla n ts 
reprod uced by t issue c u ltu re as we l l  as the off'hoots prod uced 
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u n d e r  fie ld cond i t ions.  Afore m e nt ioned,  t he objectives of th is 
t hesis were: 
1 - To acc u ra te ly identify the hea t tolera nce of d a te pa lm pla n ts 
reprod uced by tiss ue c u l t u re a nd s u bj ec ted to two stages of 
acc l i m a tiza tion .  
2 - To assess t he i n te ractive effect betwee n heat  a nd sa l t  stresses 
on tolera nce of these pla nts. 
3- To eva l ua te the poss ib i l ity of i nc reas ing tolera nce to hea t 
s tress a lone  or  i n  t he presence of sa l t  stress by ca lc i u m ,  
potass i u m ,  or  ole ic acid.  
4- To a l lev i a te the  da mage of h i g h  salt  concentrat ion w h e n  
these pla n ts were ex posed to hea t s tress. 
CHAPTER II 
REVIEW OF LITERATURE 
CHAPTER I I  
REV IEW OF L ITERATURE 
1 .  Determ i nat ion of Heat Tolera nce 
C ha nges i n  the native structu re of the plasma mem bra ne 
com ponents ( l ipids a nd prote i ns )  d ue to heat stress we re 
reported by m a ny resea rches. T hese changes res u l t  i n  
d is r u pt ion a nd loss of i ts sem i  pe rmea bi l i ty .  T h us the 
dete r m i nat ion  of cel l  electrolyte lea kage has been e m ployed to 
assess the tolera nce level to heat stress. Conseq uen tly, the 
va l id i ty of this  method has been approved by stress 
p hysiologists a nd was releva n t  to the tol era nce level i n  the fie ld 
or  in  s i tu ( M a rc u m, 1 998).  S ince va r ious s tresses ta rget the 
plasma mem b ra ne of a ny pla nt, t h is review of l i te ra t u re was 
orga nj�ed i n  s u c h  a way that  shows use of the e lectrolyte 
p roced u re with  woody a nd herbaceous pla n ts to assess the i r  
tolera nce to heat or m u lt iple st resses. 
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1 . 1  Woody Pla n ts 
E lectrolyte lea kage proced u re has been used wi th  m a ny 
p la n t  pa rts to determ i ne therm otolera nce of the ir  tiss ues. 
I ngra m  et al. ( 1 98 1 )  measu red d i rect heat  i nj u ry to roots of 
t h ree woody pla n ts.  A bo u t  50 % e lectrolytes lea kage was 
obta i ned from a 20-m i n u te expos u re of roots to 50.5 ± 0.5 0, 
48.5 ± 0.5 °C a nd 46.5 ± 0.5 °C for Illicium allisatum L., 
J uniperu.. chinel1sis cv. Parsonii and I1e.x. corn uta L. cv. 
B u rford i i, respectively. A t  t h is lea kage rate, the letha l  
tem pera t u res of  t hese tiss ues were determi ned. 
D idde n et al. ( 1 982) dete r m ined the to lera nce of Opuntia 
bigelovii E ngelm .  (Cactaceae) to h i g h  te m pera tu re bv 
s u bject ing  s tems to tem pera t u res ra ngi ng  from 25°C to 65°C 
for a I -h o u r  period.  T he tem peratu res a t  wh ich  ac tiv ities 
depe nd i ng on mem bra ne i n tegritJ dec reased by 50% we re 60 
°C for e lectrolyte lea kage, 52°C for s ta i n i ng by neu tral red, and 
5 1 °C for pla s molysis for pla n ts m a i n ta i ned at  day/n ight  a i r  
tem pera t u res of  30°C 120°C. Nocturna l  acid acc um ula tion 
depends  on stom ata l  ope n i n g  a nd enzyma tic reac tions as well 
as m e m b ra ne properties, was half- i n activa ted at  a lower 
tem pe ra t u re (46°C ). Visua l  observa t ion i nd icated tha t  50 % of 
the  s tems s u bjected to a hea t trea tment  of 52°C beca me 
nec rotic in  2 weeks. T he hea t tolera nce of the  cel l u l a r  
prope rties i nc reased with i nc reasi ng a i r  tern pera t u re for a 1 0  
°C tem pe ra t u re i nc rease, the ha lf-activa t ion tem pe ra tu re 
i nc reased 2 .9 °C for e lectrolyte lea kage, 3 .0  °C for s ta i n i ng, 3.8 
°C for s te m  s u rv ival ,  a nd fu l ly 6. 1 °C for noctu rna l  acid 
acc u m u lat ion .  T he re lat ive order  of these fou r  properties wi th  
respect to hea t tolera nce d id  not c ha nge d u r ing  the  ha rden i ng. 
Noc t u r n a l  ac id  acc u m u lat ion rem a m mg the mos t  hea t 
sens i t ive. T he u ppe r tem pera t u re for 50% s u rviva l was 59 °C 
for Opulltia bigelovii when acc l i mated to day/n ight  
tem pe ra t u res of  50 °C /40 °C. 
W u  a nd Wa l l ner ( 1 983 ) stud ied the response of 
suspe ns ion-c u l t u red pea r  (cv. Ba rtlett ( Wi l l i ams '  Bon 
C h retie n )  ce l ls to heat  stress by us ing 3 v iab i l ity tests : regrowth 
( cu l tu re growth  d u r ing 1 0  days afte r stress ),  
t r ipheny l tetrazol i u m  ch loride red uct ion; and elect rolyte 
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lea kage. C ri tica l ( 50% i nj u ry)  tempera t u res for a 20-m i n u te 
expos u re for t h ree via b i l ity tests were 42°C, 52°C a nd 56°C, 
respect ively. H ea t  s tress i n h i bi tion of t ri p h e ny l tetrazo l i u m  
c h loride red uc i ng capaci ty was m uc h  g reater i f  t h e  via bi l ity 
test was cond ucted 3 days la ter, rather t h a n  i m med iately, after 
t he s tress t rea tment. T reatment  with 3.6 m M  cyclohex im ide 
a nd heat  s tress (20 m i n u tes a t  43 °C ) affected c ul t u re regrowth  
s i m i la rly. I t  is concl uded that  meas ure m e n ts of  d i rect response 
a re not adeq uate s u bst i tutes for regrowt h  tests in assess i ng heat 
i nj u ry to c u l t u red pla n t  cel ls .  
M oreove r, I ngra m  et al. ( 1 984) used electrolyte lea kage 
tech n i q ue to dete rm i ne the tem pera t u res ca us ing  d i rect hea t 
i nj u ry to 3 c i t rus roots tocks ;  Sou r  ora nge, Carrizo c i t ra nge, 
a nd Swi ngle c i t rumelo w h i c h  were e xposed to va rious h igh  
te"lpera tu res for 20 m i n u tes. Lethal  tem pera t u res for roots 
we re 5 1 .6 ± 0.5 °c, 52.5 ± 0.7 °c, a nd 53 .5  ± 0.5°C for Carrizo 
c i tra nge, Sou r  ora nge, and  Swi ngle c i tru me lo, res pect ively. 
F u rthermore, I ngra m  et al. ( 1 985) e m p loyed elect rolyte 
lea kage proced u re to descri be the i n te ract ion  of t rea t m e n t  
lO 
tem pe ra t u re a nd expos u re d u ra tion  o n  pittosporum tobia root 
ce l l  mem bra ne t hermosta bi l i ty. Roots of pittosporum tobira 
thunb were exposed to h igh  tem pera t u re of 25  °C to 60 °C for 30 
to 300 m i n. The resu l ts revea led that  the c rit ic a l  tem perature 
caus i n g  i nj u ry to root cel l  mem bra nes dec reased l i nea rity as 
expos u re d urat ion  i nc reased exponentia l ly. 
I ng ra m  ( 1 986) a lso used electrolyte lea kage tech n i q ue to 
determi ne root ce l l  mem bra ne hea t tolera nce of two-dwa rf 
hol l ies. T hey fou n d  tha t  cri t ica l tem pera t u re decreased 
l i nea rly as e xpos u re d u ra tion i nc reased expon e nt ia l ly, a nd 
pred icted c ri t ica l  tem pera t u re for He l le ri a nd Sc hel l i ngs to be 
5 1  ± 0 . 8 °C a nd 52.6 ± 0.7 °C, res pectively, for a 30-m i n  
expos u re a nd 43.9 ± 0.8 °C a nd 46.7 ± 0.3 °C for a 300- m i n  
expos u re w h i c h  expla i ns the  s ign ifica nce of the d u ra tion factor 
in s tress. 
I n  a nother study for I ngra m ,  et al. ( 1 987) a i med a t  
detect i ng  the c ri t ica l  h igh  root zo ne t e m peratu res for Ca rrizo 
c i t ra nge (Citrus sinensis X PO/lcirus trifoliate) eed l i ngs tha t  
we re g rown for 9 weeks at root-zo ne  te m peratu res of  28 °C, 34 
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°c or 40 °C for 6 h da i ly .  T he s boot: root rat io was s ign ifica nt ly  
i nc rea ed a t  40 °C.  
A h rens  et  af. ( 1 988) a lso fou nd when they em ployed 
electro lyte lea kage proced u re to dete rm i ne the d i fferences i n  
tolera nce to d i rect  hea t i nj u ry to leaves of some c i t rus c u l tivars 
that  the  leth a l  tem pe ra t u re for a 20 m i n. e xpos u re was 54.3 ± 
0.5 °C for ' G le n' c i t ra nge a nd 56. 1 ±  0.4 °C for ' Swi ng le' 
c itrume lo. T his resu lt i nd icates to the  d ifference i n  bea t 
tolera nce of roots a nd leaves where I ng ra m  et al. ( 1 984) fou nd 
that  roots of" Swi ngle" c i tromelo d ied a t  53 °C. 
Xiao  a nd Zhao ( 1 990) cond ucted s tud ies on physiologica l 
a nd bioc he m ica l i nd ices of heat  tolera nce of c i trus leaves by 
us i ng e lectrolyte lea kage proced u re. Leaves of 5 c i t rus species 
were t rea ted wi th  wa rm water at  tem pe ra t u re of 36°C and 66 
°C for 20 m i n .  e xpos u re t ime. T he ir  res u l ts i nd ica ted that  sour  
ora nge fol lowed by  lemon had the h ig hest degree of hea t 
tolera nce.  
S i m i l a r  re lat ion  between hea t st ress and loss of cel l  
com pa rtme nta l iza t ion was fou n d  in t he t issues of grape hyb rids 
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a nd the  plas ma mem bra ne was i rreve rs i bly da maged a t  the 
k i l l i ng  tem pe ra t u re (A bass, 1 99 1 ) .  
M a rt in  ( 1 99 1 )  exposed rooted cu tti ngs of southern  
magnol ia (Magnolia grandiflora cv .  'St. M a ry ' )  for 6 h da i ly to 
root-zo ne tem pera t u res ( RZT) of 28 °C ,  35 °c or  42 °C for 8 
weeks d u ri n g  the spri ng or fa l l  of 1 988. Length of s u rv iva l for 
8-m o n t h  o ld rooted c utti ngs was s hortened w h e n  roots we re 
exposed d u ri ng the spr ing to 42 °C or 35 °c com pa red to 28 °C.  
E lectrolyte lea kage from e xc ised root t issue exposed for 30 m i n  
to tem pera t u res ra ngi ng  from 2 5  °c to 70 °C, was used to assess 
ce l l u l a r  i nj u ry of 1 3-month  old rooted c utti ngs after R ZT 
treatmen ts. T he critica l  k i l l i ng  tem pera t u res (CT50) of root 
tissue pretreated at 35 °C or 42 °c RZT were 52.5 ± 0.9 °c a nd 
54.0 ± 0.4 °c, respectively, and  i nd ica ted d ifferences in  root 
mem b ra ne thermosta bi l ity .  
R u te r  ( 1 993) determ i ned tem pera t u res prod uc ing hea t 
dam age i n  leaves of flex X meserveae cv. ' B lue  P ri nce' a n d  Ilex 
rUKosa X corlluta Lindl. a nd Pa x t .  ' M esdob' ( C h i n a  Boy)  using 
e lectrolyte leakage proced u re. \V hole l eaves we re exposed to 
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tem pe ra t u res from 30 °C to 65 °c for 30 m i n u tes. The heat  
k i l l i ng  tern pera t u re for 'Bl ue Pr ince' a nd 'M esdob' was 52.4 ± 
0. 1 °c, a nd 53.8 ± 0. 1 °c, respectively. 
S im i la rly, Ruter  ( 1 993) a lso dete r m i ned M em bra ne 
thermos ta bi l i ty of 'Need lepoi n t' C hi nese hoUy (/lex cornuta 
Lind!. & Paxt. ) ,  'A lbo- m a rginata' E ngl i sh  ho l ly (/lex aquifolium 
L. ), a nd 'Ne l l ie R. Stevens', a n  flex aquifolium X ftex cornuta 
hybrid,  by meas u ri ng electrolyte lea kage i n  e xc ised leaves a n d  
roots. H is resu l ts s h owed that  t h e  c ri tica l m idpoi n t  heat-ki l l i ng 
tem pe ra t u re (Tm )  after a 30-m i n  expos u re was 54.4 ± 0.4 °c 
for 'Ne l l ie R. Stevens' leaves was a p p roxi m a tely 1 °C h igher  
tha n t h a t  for C h i nese (52.9 ± 0.3 DC) or  E ngl i sh  ho l ly (52 .9° ± 
0.4 DC) .  T he Tm for E ngl ish h o l ly roots (53.9 ± 1 .5 DC) was 
h igher  tha n that  for e i ther  'Ne l l ie R. S teve ns' (5 1 .7 ± 0.3 °C) 
or C h i nese ho l ly (50. 1 ± 0.3 DC) .  F i n a l ly, he conc l uded the 
E ng l i sh  ho l ly a nd 'Nel l ie R. Steve ns' leaves a nd roots can 
tolera te d i rect  heat i njury eq ua l  to or greater t h a n  that  of 
C h i nese hol ly .  
l-l 
Bi nder et al. ( 1 995 ) fou n d  when they cond ucted a study 
on  t he effects of hold i ng w h i te s pruce ( Picea glauca (Moench. ) 
Voss) seed l i ngs i n  storage boxes a t  a i r  tem peratu res of 5°, 1 0°, 
20 °C, 30 °c a n d  40 °C for 1 2 , 24, 48, 72 a nd 96 h before 
pla n ti ng. Need le elec trolyte lea kage was i nd ica tive of v is ible 
need le da mage 1 4  days after pla nt i ng, w hereas stem electrolyte 
lea kage a nd root g rowth pote nt ia l  were m o re closely rela ted to 
end of season pla n tat ion  m ortality. 
L u rie et al. ( 1 995)  s tud ied t he effects of hea t  t reatment  o n  
plasm a  m e m bra ne  o f  a p ple fru i ts (cv. Golden Delic ious) ,  w h ic h 
hold a t  20 °C or 38 °c for 4 d ays. The fru i ts hold a t  38 °C were 
s u bseq uently stored for 5 m onths a t  0 °C. Mem bra ne 
m icrov iscos ity a nd s terol conte n t  i n c reased, phospholipid fatty 
ac ids beca me more satu rated a nd t here was i nc reased 
electrolyte lea kage from fru i t  d is( s d u ri n g  heat treatmen t a t  38 
°c,  com pa red w i t h  trea tment  at 20 °C. I n  fru i ts held at 38 °C, 
ATPa e act iv ity i nc reased d u ri ng the fi rst day of hea t ing  a nd 
t hen  decreased . After 4 days AT Pase act iv i ty  was s i m i l a r  i n  
fru i ts held a t  38 °C and fru i ts held a t  0 °C. AT Pase act iv ity 
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i nc reased rapid ly throughout  the 4 days i n  fru i ts held at 20 °C. 
After 5 months of storage a t  0 °c, m ic rov iscos ity and lea kage 
were lower, a nd increased m o re s lowly d u ri ng s u bseq uent  
r ipe ni ng a t  20 °C, i n  fru i ts held a t  38  °c tha n in  control fru i ts .  
There was no  s ign ifica nt  d ifference in A TPase activ i ty in fru its 
stored for 5 months at 38 °C i n  relative to the control fru i ts .  
P h ospho l i pid content  was h igher  in m e m bra nes from fru i ts 
he ld at  38 °c tha n i n  mem bra nes from control fru i ts .  T he loss 
of u nsaturated fatty acids d ur i ng r ipe n i ng occu rred more 
ra pid ly i n  control  fru i ts. Heated fru its recovered ra pidly from 
hea t  s tress a nd acc l imatized m ore s uccessfu l ly to 0 °c tha n did 
control  fru i ts .  
To assess the role  of heat  s hoc k prote i ns in  i nc reas ing  
the therm otolera nce of  tissues, Morre l l  et al. ( 1 995) studied 
thermotole rance of dormant and actively growi n� grape 
c u l tivar "Cabernet Sa uvignon" .  P lants were grown at 25 °C, 
for a 4-h heat s hoc k at 40 °C, fol lowed by a 4-h i nc u bation  
pe riod at 25 uc com pa red with u n t reated pla n ts .  H eat-s hocked 
plant had less leaf damage, tissue wate r loss and e lectrolyte 
lea kage after ex pos u re to 50 °C. C utti ngs, removed from cold 
storage at 3 °C, were heat s h oc ked for 30 m i n  at  e i ther 45 °C or 
roo m  tem peratu re (23 °C), a nd then i n c u ba ted for 4 h a t  room 
tem pe ra t u re. U nt rea ted (cont rol )  c u tt ings were held 
cont i n uously a t  3 °C. T hermotolera nce was tested by plac i n g  
t h e  c u tt i n gs i n  wate r baths a t  54 °C, 56 °c, 58 °C or 6 0  °c for 30 
m i n . B ud s u rv iva l  was h ig h  i n  a l l  treatments at 54 a nd 56 °C. 
T he re was 1 00% b ud deat h  i n  a l l  c u tti ngs i nc u ba ted at 60 °C. 
A t  58 °C, c utti ngs tha t  were heat shocked a t  room tem pera t u re 
were s ig n ifica ntly m ore thermotolera n t  tha n control  c u tt i n gs, 
a nd t hose that  were heat s hocked at 45 °C were s ign ifica n tly 
m ore tolera n t  tha n t hat  heat s h oc ked a t  room tem peratu re. 
Both d o rm a n t  a nd ac tively growi ng gra pe tissues responded to 
heat s hock t rea tment  by increas i n g  thei r therm otolera nce. 
R u te r  ( l 196) stud ied M em bra ne thermos ta bi l i ty of 
H eritage river b irc h  (Betula nigra L. H e,-itage) by electrolyte 
lea kage from exc ised roots of p la n ts grown i n  pot- i n-pot ( P I P) 
a nd convent ional  a bovegrou nd p rod uction sy terns (C PS ). The 
p redic ted c rit ica l m i d poi n t  tem perature (Tm) for a 30-m i n  
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expos u re was 54.6 ± 0.2 °C for P I P and  56.2 ± 0.6 ° C  for C PS 
pla n ts.  P la n ts grown i n  P I P  had  a stee per slope t h ro u g h  t he 
pred icted Tm, s uggest i ng  a dec reased tolera nce to h i g h  root­
zon e  te m pe ra t u res i n  re lat ion to pla n ts g rown a bovegrou nd.  
I n  a tropica l fru i t  such  as ' Hass " Avocados (Persea 
americana M il L ), Woolf ( 1 997)  t reated fru i ts i n  water a t  38 °C 
for 0 to 1 20 m i n u tes, a nd the n stored a t  0.5 °C for u p  to 28 
days.  E lectrolyte lea kage of heated ski n  tiss ue i nc reased 
approxim a tely by 70% d u ri ng s torage, wh i le for non-hea ted 
s ki n  t issue  i n c reased a p p roxi m a te ly by 48% ove r the  same 
period. I n  add i tion,  a s ign ifica n t  protect ion was conferred by 
hot  wate r  trea t m e n ts aga i ns t  low te m pe ra t u re da mage to 
avocados a nd these effects a re reflected in the morphology a nd 
p hysiology of the ski n  tiss ue.  
E lectrolyte lea kage proced u "e was a lso re l ied on to show 
the d ifferences i n  thermosta bi l i ty of pla n ts grown i n  d iffere nt  
zone . H a rd i n  et al. ( 1 999 ) determ i ned root m e m b rane 
the r m osta bi l i ty of floweri ng d ogwood ( Citrus. florida) seeds 
t hat co l lected from native t rees i n  the USDA Hard i nes Zones 
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6b  ( Rock I s la nd, Ten nessee), 7a ( Lawrence Cou nty, Alaba m a )  
a nd 8 a  ( A u b u rn, A la ba ma ). F i ne root t issues were s u bjec ted to 
tem pera t u res ra ngi ng from 20 to 60 °C for 30 m i n  a nd a na lyzed 
for cel l u la r  e lectrolyte lea kage. C ri tica l m id po in t  tem pera t u re 
( T m )  was greater for seed l i n gs na tive to U SDA H a rd i ness Zone 
6 b ( A H S  Heat-Zone 7 ), 52.4 ± 0.6 °c, t h a n  Tm for seedl i ngs 
orig i na ti ng from U SDA Zone 7a ( A H S  Zone 7), 5 1 .2 ± 0.5 °c. 
H owever, seed l ings from U S D A  Zone 8a ( A H S  Zone 8), a t  
5 1 . 5±0.4 °c, were s i m i l a r  to t hose col lec ted i n  U SDA Zones 6 b  
( A H S  Zone 7 )  a n d  7a (A H S  Zone  7 ). 
Peters et al. ( 1 999) stud ied the  extreme tem pera t u re on  
the  q ua nt u m  yield of fl uoresce nce a nd mem bra ne lea kage of 
Pinus canariellsis grow i ng i n  5 s ta nds at d ifferent  a l ti tudes 
(550- 1 950 m )  a nd orie n tat ion  ( north or soutb  fac i ng )  i n  
Tenerife ( C a n a ry I s la nds, S pa i n ). Need les were c (  Hected a n d  
ex posed for 3 0  m i n  i n  plast ic bags i n  a water bath a t  
tem pera t u re be twee n 24 °C a nd 56 °c. Different  resista nce to 
h i g h  te m pe ra t u re depend i ng on the a l t i t ude a nd orienta tion 
was fou nd. The te m pera ture for i nc i pien t d a m age va ried from 
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42 °C to 44 °c, detected with the fl uorescence pa ra meters b u t  
not  w i t h  t he lea kage o f  electrolytes t h a t  was n o t  fou nd u n t i l  
50°C. 
Zhongha i  et al. ( 1 999) exposed tiss ues to tem pe ratures 
regi mes, 46 °C, 48 °c, 50 °C, 52 °c, 54 °C, 56 °c, 58 °C, or 60 °c 
a nd c o m p a red them with  leaves treated at 35 °C (control ) for 
20  m i n u tes by us ing electrolyte lea kage proced u re. T hey fou nd 
t hat  t he p lasma memb ra ne was da m aged a nd t he rate of 
lea kage i nc reased by i n c reas ing  tem pera t u re. 
1 .2 Herbaceous P la n ts :  
Assessment  of heat tolera nce of d ifferent  va rieties was 
a lso used by e lec t rolyte lea kage proced u re a nd other methods. 
M a rt inea u et al. ( 1 979) observed genetic d i fferences i n  cell 
mem bra ne t hermosta bi l i ty with soy bea n (Glycine maxi. Merr. ) 
by us ing  e lectrolyte leakage proced u re. S im i la rly, S u l l iva n and 
Ross ( 1 979) used e lectrolyte lea kage proced u re to ide n tify 
oenet ic  va r ia t i o n  i n  hea t tolera nce i n  gra i n  sorg h u m  (Sorgh um 
hicolor L. ) .  G a rraway a nd Fi nd ley ( 1 98 1 )  s tud ied the effect of 
hea t stress o n  e lect rolyte leakage from four  corn i n bred l i nes 
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leaves, w h i c h  va ry i n  s uscepti b i l i ty to northen corn leaf b l ight  
(Setosphaeria turcica) .  Leaves from d ifferent  i n b red l i nes, 
w h i c h  vary i ng i n  resista nce to were i m m e rsed i n  d ist i l led water 
a nd then s U bjected to a l ternat i ng 1 2  h cycles of  40°C in  the 
l ight  a nd 30°C i n  the d a rk. E lectrolyte lea kage ( E L)  was 
m odera te d u ri ng the fi rst 72 h ,  but i nc reased s ign ifica nt ly 
thereafter, a n d  was least for the most res ista nt  l i ne, ( Oh5 1 4), 
a nd g reatest for the s usceptible l i ne (W64AN ). P resence of the 
H t l  ge ne ca used a fu rther  decrease in  electrolyte lea kage. 
Bennett a nd M o h a m med ( 1 982)  stud ied the heat 
tolera nce of ten pea n u t  ge notypes exposed to i rrigated a nd 
ra i n-fed cond it ions i n  the fie ld on fou r  da tes us ing a n  
electrolyte lea kage tec h n iq ue. Pea rl Ea rly R u n ner, X537B, 
Flor u n ner  a nd X487 A were the most heat tolera nt. F ive of the 
te n ge n otypes were a lso studied d u ri ng  4:l 'ld after a period of 
natura l ly occ u rr ing  water stress. Water  stress resu lted I n  
i nc reased heat tolera nce a mong four  of the five ge noty pes. 
T he tetrazol i u m  c h loride test has bee n used to assess the 
v iab i l i ty of pla nt tiss ue.  T h is is why Chen  et af. ( 1 982 ) 
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com pa red the res u l ts of t h is test with  the elec trolyte lea kage 
proced u re. T hey meas u red heat tolera nce of two genoty pes for 
each of bea n, pota to, soy bea n a nd tom a to know n d ifferences i n  
hea t sens i tiv ity .  Both methods gave s im i la r resu l ts. T he 
d ifferences beca m e  d ra m atic after the  pla n ts were acc l im ated 
a t  tem pera t u re a bove 30 °C for 24 hou rs.  The heat  tolera nce of 
leaves was lower a t  the  ea rl ier  s tages a nd reac hed a leve l 
s i m i l a r  to fu l ly-grown p la n ts after 30 days growth.  
To eva l u a te the  effect of heat acc l i ma t ion on the 
therm otolera nce, the  e lectrolyte leakage p roced u re was a lso 
u ti l ized. She n a nd L i  ( 1 982 ) stud ied leaf hea t tolera nces of 
Saladette ( hea t tolera n t) a nd " UC- 82 B" ( Less hea t tolera nt )  
toma to ( Lycopersicon esculentum L. ) afte r heat accl i m a t ion .  
The res u l ts revea led that  there was no d iffe rence i n  heat 
tdera nce for bot h  genoty pes a t  tem perat u re reg ime below 30 
°c,  but  when  t hey exposed to te m pera t u re of 35 °C, l lC- 82 
req u i red 6 cyc les of h ig h  tem pe rature expos u re t i l l  reac hed to 
level of hea t tolera nce, s im i la r to Sa ladette, w he reas Saaladette 
needed on ly  a s i ngle cycle. 
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Schaff et af. ( 1 982 ) cond ucted com pa rison tr ia l  of 2,3,5-
t ri pheny l tetrazo l i u m  c h loride (TTC) a nd cond uct iv i ty tests for 
eva l ua tion  of heat  tolera nce t h ree gree n house-grown pla n ts 
each of one i n tolera nt  c u l tiva r ( O regon 1 604) a nd th ree 
tolera n t  c u l tiva rs ( prov ider, P I 1 656 1 6  a nd P I 2 7 1 998) were 
t ra nsfe r red to a growth c h a m be r  prov i d i ng 1 6  h of l igh t  a nd 
day/ n ig h t  te m pe ratu res of 25/20°C wi th  a n  accl i m a t iza tion 
t reatme n t  of  2 h a t  45 °C for fou r  d ays. Leaf m a te ria l  of  eac h 
c u J tiva r was s u bjected to heat  t reatmen ts of 44, 46, 48, 50 a nd 
52°C for 1 h p rior  to assay wi th  2,3,5-tri pheny l tetrazo l i u m  
ch lor ide (TTC) a n d  cond uctiv ity tests. Ra n k i n g  by the 
tem pe ra t u re at  w h ic h  50% TTC red uct ion occ u rred was ( m ost 
to least  tolera n t) : P I 2 7 1 998, P 1 1 656 1 6, Orego n 1 604 a nd 
P rov ider. T he tem pera t u re a t  w h i c h  50% e lectrolyte lea kage 
for cond uctiv ity occ �. rred ra n ked the c u l t iva rs i n  the  order :  
P I 1 656 1 6, P 1 2 7 1 998, Provider  a nd Oregon 1 604. 
Peck a n d  Wa l l ner  ( 1 982 ) cond ucted a n  ex per iment  on  
heat  res ista nce of aspe n  (Populus tremufoides ) l eaves ta ken 
from tree grow i n g  at a l t i tudes of, 2 1 95, and  2454 m. was 
assessed by st ress i ng leaf d iscs In vitro a nd meas u rmg 
e lectro lyte lea kage. H eat  tolera nce was greatest in leaf sam ples 
from t rees g rowi ng at the lowest s i te .  T rees propaga ted from 
t hese s i tes a nd g rown a t  1 520 m for 2 y r  s howed some i n c rease 
i n  hea t tolera nce, but  appa ren t  ecotypic d i ffe rences pers isted. 
W a l l n e r  et al. ( 1 982) a p pl ied e lectrolyte lea kage to know 
the  leve l  of i nj u ry d ue to heat  s tress of t u rfg rass leaf segments.  
Species d ifferences in heat to lera nce were most a ppa ren t  when 
i nj u ry was m o n i tored over t ime  a t  50°C, usi ng leaf segme n ts 
that  were o bta i ned from heat- ha rde ned pla n ts a n d  i m me rsed 
i n  d is t i l led wate r  d u ri ng the  stress t rea tme n t. Q ua n ti tative 
d i fferences in hea t tolera nce in vitro were consiste n t  with 
q ua l i ta tive desiccat ions of d rought  res ista nce for m ost of the 
s pecies tested .  Sa me proced u re was fol lowed by W a l l ner  et al. 
(1 982) w h o  noted ge noty pic var ia tion m m e m b rane 
t he r m os ta bi l i ty wi th  va rious tu rfgrass s pecies. 
Les ter ( 1 986 ) stud ied melon leaf mem b ra ne thermo 
cond i t io n i ng for 5 days at 1 5°C or  35°C in  va rious day-
tem pe ra t u re a nd hea t-st ressed for 1 5  m i n utes at 50°C. He 
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fou nd tha t  Leaves from seed l i ngs held for 5 days a t  I S  °C had a 
h igher  perce n tage of i nj u ry fol lowi ng hea t stress t ha n  those 
he ld for 5 days at 35 °C. Acc l ima tizat ion for 2 to 4 h at 35 °C 
was e n o u g h  to red uce the percentage of i nj u ry on leaves from 
1 5°C g rown pla n ts. Deaccl i m at izat ion for 8 h a t  1 5 °C i nc reased 
t he percen tage of i nj u ry to leaves from pla n ts grown at  35 °C. 
Lester et al. ( 1 988) cond ucted a n  exper i ment  on 
m us kmelon  fru i ts of the M ag n u m  cv. H a rvested fru i ts were 
w ra p ped ( o r  n ot )  i n  shr ink-fi l m ,  a nd exposed to 45 °C for 0, 1 .5 
o r  3 h a nd t h e n  stored for u p  to 1 8  days. T he resu l ts revea led 
that  t he w ra pped fru i ts d id  not lose m o re t h a n  0.8% of fru i t  
weigh t  afte r 1 8  days, whereas i n  non-wra pped fru i ts t h e  weig h t  
loss ra nged from 4.4 to 5. 1 % a fte r 1 8  days. E lectrolyte lea kage 
of wra p ped fru i ts i ncreased after 1 .5 h at 45 °C b u t  there was 
no d i fference i n  lea kage rate between 1 . 5 and 3 h. I n  non­
wra pped fru i ts, electrolyte lea kage i nc reased afte r a l l  hea t 
t rea tm e n ts .  
B ha ttac ha rjee et al. ( 1 998)  stud ied the  effects of  high 
tem pe ra t u re t rea tmcnt  on A maral1thus lil'idus seeds d u ri ng  thc 
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ea rly i m bi bi t iona l  p hase. T ra nsfe r  of seeds d u ri ng the ea rly 
i m bi b i t iona l period from 2 5 °C to 45 °c for 4, 8, 1 2  and  1 6  
hou rs resu l ted i n  the lea kage of U V-a bsorb i ng s u bsta nces a nd 
e lectrolytes u p  to 72 hou rs. H igh  tem pera t u re t rea tment  
dec reased ethylene format ion in  germ inat ing  seeds. I t  i s  
suggested that  h ig h  tem pera t u re ca used g reater mem bra ne 
d a mage by mem bra ne l i p id peroxidat ion  i n  germ i na ti ng seeds. 
E lectrolyte lea kage was a lso used to study h ig h  
tem pera ture i nj u ry on  fru i ts .  I na ba a nd C ra nda l l  ( 1 988) a lso 
studied h igh  tem pera t u re i nj u ry to ha rvested m a t u re gree n 
toma toes by us i ng electrolyte lea kage. They fou nd tha t  W h e n  
fru i t  tem pe ra t u res were > 50 °C, heat i nj u ry was obvious. A lso 
w he n, m a t u re gree n toma toes were ex posed to tem pera t u res 
ra n g i ng from 25 °c to 65 °C for 30 to 1 80 m i n u tes ; the c ri t ica l  
expos u re t imes ca lcu la ted for toma toes were 34, 1 05 a nd 1 66 
m i n u tes for expos u re to 55 °C, 50 °c a nd 45 °C, respect ively. 
For pract ica l fie ld a ppl ica t ions,  th is h i g h-te m pera t u re stress 
may decrease t he q ua l i ty by ca us i ng the destruct ion of fru i t  
ce l l u la r  tiss ue a nd physiologica l d i  orders d u ri ng s torage. 
I ngra m a nd Ra m c ha ra n  ( 1 988 ) s tud ied  t he effect of hea t 
s t ress o n  ba n a n a  pla n ts.  Exc ised roots of ba na na pla n ts 
p rod uced i n  vitro a nd of rooted c u tt i ngs of Dracaena marginata 
were s u bjected to tem pera t u res of 30 °C to 60 °C for 30-300 
m I D. T he c ri t ica l  te m pera t u re for each pla n t  decreased 
expo n e n tia l ly as elec trolyte lea kage i nc reased.  Predicted 
c ri t ica l  expos u re t imes a t  48 °C a nd 52 °C were >300 a nd 22 1 ± 
5 1 m in,  respect ive ly, for D racaena ,  a nd 225  ± 36 m i n  a nd 1 05 ± 
1 4 m i n  for ba na na,  respectively. 
W h ite et al. ( 1 988) meas u red i nj u ry to Lolium perenne, 
c u l tiva rs Pre l ude  a nd M a n ha tta n I I , as a percentage of 
e lec trolyte lea kage from leaf segme nts after s tress to dete rm i ne 
t he i n fl uence of pre-stress growth  tem pe ra t u re a nd post-stress 
tem pe ra tu re on  heat  tolera nce. T he tem pera t u re req u i red to 
ca use 50% cel l  sol ute efflux  was 59.5 °C for P rel ude a nd 56.5 °C 
for M an ha tta n I I , when mea s u red i m m ed i a tely after s t ress 
t rea t m e n t. H owever, electrolyte lea kage i nc reased w i t h  t i m e  
after term i na t ion of stress. W h e n  meas u re m e n ts we re recorded 
24 h afte r term i na t ion of stress, t rea tment  a t  52 °C ca used 50 % 
cel l  ol u te effl u x  from leaf segme n ts of both c u lt iva rs. I nj u ry 
levels 44 h after trea tme n t  for 30 m i n u tes a t  50 °C were 
a pprox imate ly 1 2  a nd 89% w h e n  i n c u bated a t  post-st ress 
tem pe ra tu res of 7 a nd 35°C, respec tively. The  i n c u ba tion  
tem pe ra t u re fol lowi ng  a 55°C trea t m e n t  d id not  affect 
e lectro ly te lea kage ra te i n  e i t h e r  c u lt iva r. Sever I nJ u ry 
occ u rred i n  both c u lt iva rs w h e n  g rown a t  25 °C than  a t  4 1  °C 
G arraway et al. ( 1 989) e x posed ma ize (Zea mays L. ) 
leaves to h igh  tem pe ra t u re s tress, i .e . ,  42°C for 6 h r  before 
i nocu l a tion  w i t h  B i pola ris m aydis  race T fol lowed by 
i nc u ba tion  i n  the  dark a t  28°C for 24 h r. They fou n d  a 
s ign ifica n t  decrease i n  peroxidase act iv i ty i n  both res is ta n t  a nd 
susce pti ble isol i nes compared w i t h  the  control.  A lso a t  48 h r  of 
i nc u bat ion,  h igh  tern pera t u re stress before i noc u la t ion  
decreased pe roxidase act iv i ty com pa red wi th  the ..:on trol in  the  
res ista n t  but  not  i n  the s uscept i b le  isol i ne. M oreover, the level 
of pe rox idase act iv i ty in h i g h  te m pe ra t u re stress-treated a nd a 
con trol leaf was s ign ifica n tly lower i n  t he s uscept i ble tha n i n  
t he res ista n t  iso l i ne 48 h r  afte r i noc u la t ion .  Expos u re t o  h igh  
tem pe ra t u re stress resu l ted In a s ign ifica nt  i n c rease i n  
e lectro lyte lea kage a s  wel l  as  i n  s por u l a tion  i n  both isol i nes. 
W he reas i nc reased sporulat ion on ma ize leaves in  response to 
h ig h  tem pe ra t u re stress a p peared to be rela ted to i nc reased 
e lectrolyte lea kage. 
A nderson et al. ( 1 990 ) a lso determ i ned the capaci ty of 
peppe r  leaves to acc l imate to h igh  tem peratu re by usi ng  
e lectrolytes lea kage proced u re. T hei r resea rch res u l ts s howed 
a n  i nteract ion between expos u re tem pe ra t u re a nd d u rat ion,  as  
wel l  as  let h a l  tem pera t u re decreas i ng l i n ea rly from 53 °C to  46 
°c as expos u re d u ra tion i n c reased expone n tia l ly from 5 to 240 
m i n. Pla n ts grown at 22120°C day/n ight  cycles a nd held 24 
hou rs at  38/30 °c had i nc reased t he ir  heat tolera nce bv 35 °C, 
5 1  °c to 54 °C. 
B ine l l i  a nd M asca ren has ( 1 990) s t u d ied the se nsi tiv i ty of 
g rowt h to h igh  te m pera t u re a nd they fou nd that  an electrolyte 
lea kage assay revea led that A rap idops is. thaliana seedl i ngs were 
extre mely sens i t ive to h igh  te m pe ra t u re st ress com pa red to the 
h igh  te m pera t u re tolera n t  soya bea n va riety Tracy. Ove r 50 oj() 
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Ion lea kage occ u rred i n  A ra bidopsis leaves d u ring  a 1 5  m m  
expos u re t o  50 °C, i nd ica ti n g  a hea t k i l l i ng t i m e  of less t h a  n 1 5  
m m. I n  contrast, t h e  heat  k i l l i ng t ime  for soya bea n a t  50 °C 
was over 5 t imes longer. W he n  soy bea n or A ra bidopsis 
seed l i ngs in c u l t u re pla tes were exposed to 37 °C for 2 h a nd 
then  ret u rned to 23 °C t hey s uffered no a ppa re nt  s hort-term or 
l ong- term da mage. Soy bea n seed l i n gs exposed to 42°C 
t reat m e n t  for 2 h a lso s howed no damage. A ra bidopsis 
seed l i ngs after a 42°C trea tme n t  for 2 h s h owed no  a p pa re n t  
i m media te d a m age, b u t  4 8  h after ret u r n  t o  23°C severe 
d a mage symptoms were v is ib le  a n d  after 96 h a l l  t h e  seed l i ngs 
were dead.  Both soy bea n a nd A ra bidopsis seed l ings synthesize 
hea t s hock prote i ns when exposed to 42 °C for 2 h .  
Chaisom pongpa n  ( 1 990) stud ied the responses of 
photosy nthesis to heat  s tre�5 i n  com m o n  bea n (plwseolus 
vulgaris) genoty pes d iffe ri ng i n  accl i m a t ion  poten tia l .  Without  
hea t a cc l i m a t i o n ,  heat  s t ress a t  42 °C dec reased O2 evo l u ti o n  i n  
t he  s i x  ge notypes from 50 to m o re than  95% , com pa red w i t h  
t he c o n t rols,  a nd hea t stress a t  45 ° c  a l m os t  tota l ly i n h i b i ted O2 
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evol ut ion  in a l l  genotypes. H ea t  st ress had less effect on  pea k 
fluorescence level t h a n  o n  O2 evol u tion.  H eat  accl i mat ion  
s l ightly red u ced O2  evol u tion,  c o m pa red wi th  nonaccl i m a ted 
controls.  I n  heat-accl i m a ted pla n ts, hea t s tress at 42 °C had no 
effect on O2 evo lut ion, whereas s tress at 45 °C s ign ifica n tly 
red uced O2 evolut ion .  C ha nges i n  levels  of pea k fl uorescence 
u nder  heat stress in hea t-accl i m a ted pla n ts s howed pa tterns 
s i m i la r to c h a nges i n  O2 evo l ut ion .  F u l l  recovery of O2 
evol u tion  from hea t i nj u ry a t  42 °C for 5 m i n  occ urred wi t h i n  4 
h i n  G N U I  59, whereas O2 evol u tion  ra tes were st i l l  lower tha n 
the controls after 6 h i n  the  other  genoty pes. The recovery of 
c h lorophy l l  fl uorescene was s lower than that of O2 evol u tion.  
Saada l la et al. ( 1 990) used the  electrolyte lea kage 
proced u re to eva l ua te t h e  effect of h a rden i ng on the 
therm o tole ra nce of seve n wi n te r  w heat  ( Triticum aestivllm ) 
c u lt iva rs . T hey exposed some of them to 0, 6, 1 2, 1 8, 24 h of 
h a rd e n i ng (34°C ) a nd flag leaf ma teria l from the sa me c u l tiva rs 
ex posed to 0, 48 a nd 1 20 h of h a rd e n i ng (34°C). Large 
d i fferences i n  re lative i nj u ry were obse rved among t he seven 
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c u l tiva rs, ra ng ing  from 37 to 80 % for seed l i ng a nd from 3 1  to 
69 % for a n t hesis. S im i la rly, Saada l la et al. ( 1 990) cond ucted 
an e x pe ri m e n t  to determ i ne the re la tions h i p  betwee n 
mem b ra ne thermostab i l i ty ( M T )  a nd other agronomic  tra i ts of 
1 44 genotypes of wi n ter  wheat  ( Triticum aestivum). Rela tive 
i nj u ry va ried s ign ifica n tly a m ong the 1 44 ge noty pes, wi th  a 
ra nge of 3 1  to 78 % .  Based on  re lat ive i nj u ry, 27 ge noty pes 
were classified as heat tolera n t, 7 1  as i n te rmed iate, a nd 46 as 
heat sens i tive. 
Shana h a n  et al. ( 1 990)  st u d ied t hermosta bi l i ty a nd heat  
tolera nce of spri ng wheat. The  e lec trolyte lea kage or  
m e m bra ne thermosta b i l i ty (MT)  test was cond ucted at  a n thesis 
on  flag leaves of 8 fie ld-grown genoty pes. Based on  MT va l u es, 
4 genoty pes were gro u ped as hea t-tolera n t  ( R T )  a nd 4 as hea t­
sensi t ive ( 1. 5) .  T he HT a nd H S  ge notypes prod uced s i m i l a r  
g ra i n  yie lds a t  t he northern a nd ce n tra l locations. H owever, the  
H T  group of ge notypes prod uced 2 1  % more gra i n  (4 .28 t/ha ) 
t ha n  t h e  H S  grou p (3 .55 t/h a )  a t  the sout hern s i te, w h ich  was 
cons iderab ly  wa rmer d u r i ng the gra i n -fi l l i ng period t ha n  t h e  
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other  2 locat ions .  Average te m pe ratu res d u ri ng J u ly were 1 9.5 
°c, 2 1 .7 °c a nd 23.4 °c a t  the  northern,  centra l  a nd southern  
loca t ions, respectively.  
Resea rch resu l ts of P ras i l  a nd Za mec n i k  ( 1 990) on ra pe 
leaves, wheat c rowns, on ion  b u l bs t h a t  k i l led by a s low freeze­
thaw cycle or i m m ersion  i n  l iq u id N s h owed a s i m i la r  t ime  
cou rse of  electroly te lea kage a nd lea kage was  accelera ted in  
t rea tme n ts when  the  sa m ple, i m mersed in  water, a nd k i l led by  
hea ti n g  for 5 ,  1 5  o r  30  m i n  in  a boi l i ng wa ter ba th .  T he longe r  
the  boi l i ng, t he sooner t h e  m a xi m u m  cond uct iv i ty was 
obta i ned. 
N a na i a h  ( 1 992 ) s tud ied response of pepper ( Capsicum 
annuum L. ' Ea r ly Calwonder' )  leaf d is ks to tem pera t u re 
stresses by us ing  e lectrolyte lea kage. H is researc h  res u l ts 
revea led m i d p o i n ts of s igmoi� d l  respo nse c u rves fol lowi ng 
freezi n g  stress was -4.6, a nd 49.0°C fol lowi ng h igh  te m pe ra t u re 
stress. 
K uo et al. ( 1 993 ) assesscsd thermosta bi l i ty of loca l 
c u l t iva rs a nd i m proved l i nes of 20 s pec ies of vege ta ble c rops 
grown I n  the  cool season by meas u ri ng electrolyte lea kage of 
leaf tissue  ex posed to h igh  te m peratures (30 °C, 35 °C, 40 °c 
a nd 50 °C for 60 m i n ). Disti nct  d ifferences i n  leaf t issue h igh-
tem pe ra t u re i nj u ry was fou n d  a t  i nc u ba tion tem pera t u res of 35 
°c a nd h igher. A s u bseq uent  exper iment  with 59 
s pecies/va rieties of vegeta ble c rops grown d u ring  3 d ifferen t  
seasons i n  the sa me  yea r showed tha t  m o n ocoty ledons a nd 
m e m bers of t he Convolvu laceae were beat  tolera n t, w h i le 
m e m be rs of the  C ruciferae [ B rassicacea e l  a nd U m be l l iferae 
[ A piacea e ]  were heat  sens i t ive. I n  most  spec ies, leaf tissue 
mem b ra nes were more i nj u red in spr ing  a n d  w in te r  t h a n  i n  
s u mm e r. 
A nderson ( 1 994) fou nd w h en exposed ' Ea rly 
Calwonder' pepper ( Capsicum anlluum L )  a nd 'J u bi lee'  corn 
(Zea mays L )  leaf d isks to h igh  tem pera t u re st ress prod uced 
e thyle ne, etha n e, metha nol,  aceta lde hyde, a nd etha nol based on 
com pa rison of rete nt ion ti mes d u ri ng  c h roma togra phy to 
a ut he n t ic  s ta nd a rds t ha t  Corn leaf d isks prod uced lower level ' 
of ethy le ne, etha ne, a nd metha nol ,  b u t  more aceta ldehyde a nd 
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etha nol  than  peppe r. P rod uct ion of etha ne, a by-prod uct of 
l i pid peroxida t ion,  coi nc ided wi th  a n  i n c rease i n  electrolyte 
lea kage i n  pepper b u t  not i n  corn.  
L i  et al. ( 1 994) s tud ied the  re la tionsh i p  between c h a nges 
of endogenous a bs iss ic ac id ( A B A )  level and  res ista nce i n  
h y b ri d  rice Hybrid rice cv. S h a nyou 63, S ha nyou 287, Weiyo u 
63 a nd Weiyou 287 seed l i ngs w h ic h  s u bjected to 2 °C or 42 °C 
tem pe ra t u res for 48 h. A BA levels a nd e lectrolyte lea kage were 
h i ghest a t  2 °C. A bscis ic acid concentrat ion  was not  rela ted to . 
c h i l l i ng res ista nce, w h i le a t  42 °C there was a c lose re lat ions h i p  
between i ncreased A BA leve ls a nd heat res ista nce. Weiyou 63 
h a d  the  h ighest A BA con te n t  a nd t he lowest electrolyte lea kage. 
L i u  et al. ( 1 996) used e lectrolyte lea kage to dete r m i ne 
Thermotolera nce i n  Leaf d iscs of Capsicum anlluum cv. Ea rly 
Calwonder t l . rough  vac u u m -i nfi l t ra ted in d ist i l led wa te r, 
a n isomyc i n, a uri n trica rboxyl ic  ac id, cyc lohex im ide, e th ion i ne, 
norva m ne or p u romyclD to determ i ne whethel" prote in  
synthes is  i n h i bitors bloc ked h igh-tem pe ra t u re acc l i mat izat ion .  
Test  t u bes conta i n i ng the d iscs were t he n  placed in  a wa ter 
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ba th a t  50.5 °C for 0, 1 ,  5 ,  1 0, 1 5, 25, 3 5  o r  5 0  m i n. T hey fou n d  
that  h ig h-tem pera t u re acc l i m at izat ion  was b locked i n  a l l  6-
prote i n  synthesis-i n h i bi tor t reatme n ts.  
Loi k a nd H a rte ( 1 996 ) com pa red Leaf to lera nce of h i g h  
tem pera t u res, as determ i ned b y  e lectrolyte lea kage a nd 
c h lorophyl l  "a" fl uorescence, for A rtemisia (ridentata, a n d  
Potelltilla gracilis, specific  d iffe rences i n  leaf te mperatu re. 
M ea s u rements were made for p la n ts exposed to a c l i m a te 
cha nge war m i ng m a n i p u lat ion on  a major  ecosystem border i n  
Colorado i n  J u ly a nd A ugust  1 995. I n  J u ly, da i ly maxi m u m  
leaf tem pera tu res were s ign ifica ntly h igher  for P. gracilis tha n 
for A. tridentata. Leaf tem pera t u res were s l ight ly lower i n  
A ugust  than  J u ly for leaves of both s pecies, o n  control a nd 
hea ted plots, despite the fact  that  d a i ly m a x i m u m  a i r  
tem pera t u res were not s ign ifica ntly d iffe re n t  for the  1 mon t hs. 
H igh-te m pera t u re tolera nce was determ i ned for leaves treated 
for 1 h at  tem pera t u res ra ng ing  from 1 5  to 65 °C. The LT50 
was a pproxi mately 46 °C for bot h species on control  plots, b u t  
was 43 °C for leaves of both s pec ies from heated plots, con tra ry 
to the  p redict ions of the hypot hesis. 
A nother eva l uat ion of germ plasms usi ng  the electro lyte 
lea kage proced u re was done by Ya ng et af. ( 1 996) who  
e m ployed electro lyte lea kage to determ i ne mem bra ne i n tegrity 
i n  m a ize l i nes. T he res u l ts revea led t h a t  when  leaf segments 
were s u bjected to tem pera t u res a bove 40 °C, BET 1 corn l i nes 
e x h i b i ted less mem b ra ne i nj u ry t ha n  other  l i nes.  
Setha r et al. ( 1 997 ) stud ied electroly te lea kage in leaves, 
roots a nd seeds of soya bea n cv. N A RC- 1 a nd cotton cv. 
Reh m a n i  t h a t  s u bjected to tem perat u res of 30 °C, 34 °c, 38 °C, 
42 °c, 46 °C a nd 50°C. Soybea n leaves lea ked more electrolytes 
(electr ica l cond uct iv i ty of 3 1 3  ,..,S/c m )  t h a n  cotton leaves ( 1 43 
,..,S/c m )  a t  50 °C. Below 42 °c m uc h  less ion  efflux  occ u rred as 
com pa red with 42 °C a nd a bove where severe damage to cel l  
mem b ra nes occ u rred a nd more t h a n  50% of the electrolytes 
lea ked from leaves, seeds a nd roots of both  c rop pla n ts .  
M a rcum ( 1 998 ) a lso cond ucted an  experime n t  to  
determ i ne d i ffe re nces i n  cel l mem bra ne thermosta bi l i ty (CM T )  
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a m ong c u ltiva rs of Ken t u c ky bl uegrass ( Poa pratensist I . ) , i n  
w h i c h  leaf segmen ts were s u bj ec ted to heat s hoc k expos u re 
t ime, a n d  a lso whole- pla n t  to 4 1 °C day /34 °C n ight  a t  95 0/0 
rela tive h u m id ity for 62 days a nd 47  days, i n  control led 
env i ron m e n t  c ha m bers. The res u l ts revea led that  CMT was 
negat ively correla ted w i th  relat ive percentage leaf fi r ing a nd 
pos i t ively wi th  re lat ive percen tage s h o rt d ry weight. I t  was 
fou nd t h a t  B M -3 a n d  M id n ig h t  c u l tiva rs were more heat  
tolera n t  tha n lava ng, m ugget a nd ryss. 
I s ma i l  et al. ( 1 999) used e lect rolyte lea kage tech n iq ue to 
mea s u re heat tolera nce level of cowpea at floweri ng a nd pod 
set. T he resu l ts revea led that  ge notypes wi th  heat tolera nce 
d u ri n g  floweri ng a nd pod set had  less leaf suscept ibi l i ty to hea t 
d u r ing  floweri ng a nd pod set or  d u r i ng ea rly floweri ng. 
M a heswa ri et {II. ( 1 999) � 'so used electrolyte lea kage 
percentage to study 4 c u l t iva rs of wheat  d i ffer ing i n  the i r  
sens i t iv i ty to tem pera t u re s tress with 
. . 
I ncreasrng 
tem pera tu re betwee n 25 and 35 °C. A com pa rison of re la t ive 
i nj u ry based on e lect rolyte lea kage of these c u l t iva rs was done. 
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Cell  pe rmea b i l ity i nc reased wi th  i ncreas ing  tem pera ture 1 0  
s uscept ib le  a nd tolera nt  c u l tiva rs. 
S ibley et at. ( 1 999) a lso cond ucted a n  experi ment  to 
study root thermosta b i l i ty of n i ne red ma ple (Acer rubrum) 
cu ltiva rs origi nat i ng i n  d i fferent  U S DA h a rd i ness zones that  
g rown in  conta i ners. E lectrolyte lea kage from exc ised root 
t issue e xposed for 30 m i n  to tem peratu res rang ing from 20 °C 
to 63 °c, was used to assess cel l u la r  i nj u ry of fi ne roots. T he i r  
resu l t  revea led that  the  c ri t ica l ki l l i ng tem peratu res of  root 
t issue of eva l ua ted c u lt iva rs ra nged from 52.0 ± 0.8 °c to 53.3 ± 
0.5 °c, i nd icat ing m i n i ma l  d i fferences i n  root mem b ra ne 
thermos ta b i l ity .  
I n  a nother reported resea rch  by Ta lwa r  et at. ( 1 999) 
who eva l uated th ree-gro u nd n u t  genoty pes ( I CG 1 236, I CGS 
44, a nd C h ico) for the i r  hea t acc l i mat ion  potentia l  (HA P), a nd 
exa m i ned responses of the growth ,  y ie ld,  a nd photosy nthetic of 
these ge notypes to tem pera t u re was re la ted to the H A P. T hey 
used electrolyte lea kage to defi ne H A P  as t he cha nge i n  leaf 
hea t to lera nce based on plasm a le m ma thermosta bi l i ty at 40 to 
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60°C a t  35/30°C day/n ight  tem pera t u res. A l l  ge notypes 
m a i n ta i ned greater vegeta t ive g rowth a nd h igher  
p hotosyn thesis ra tes when g rown u nder  the  h igher 
tem pe ra tu re reg ime a nd genetic d ifferences i n  photosynthes is 
rate were re lated to hea t ki l l i n g  tem perature. T he h igher  
tem pe ra t u re reg ime a ffected the reprod uctive growth 
adversely by i nc reas i ng flower a bort ion a nd decreas ing seed 
S i ze, h owever. D ifferences 10 c h lorophyl l  fl uorescence a nd 
mem b ra ne thermos ta b i l i ty betwee n growth tem perature we re 
fou nd o n ly after i nc u ba t i ng the  leaf t issue a t  tem pera t u res of 
50 °C or h igher. Ge netic d ifferences i n  H A P  were sma l l  a nd 
u n re lated to gro,",,1h d i fferences.  
Oza l p  et af. ( 2000) used photosystem n a nd ce l l u l a r  
mem b ra ne s ta b i l i ty t o  eva l u a te i n  wheat ( Triticum aestinml L . )  
genoty pes for Nacl  tolera nce. W hea t seed l i ngs were grown 
hyd ropon ica l ly in  env i ro n m e n ta l  c h a m be rs a nd trea ted with a 
ra nge of NaCI  concentrat ions. Both methods clea rly 
d ist i n g u is hed bc twee n sa l t-se ns i t ive a nd sa l t-tolera n t  
genoty pes. Ccl l u lar  mem bra ne stabi l i ty as  measu red b)  a 
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cond uct iv i ty method a n d  PS I l  activ i ty val ues was affected 
adve rsely by Nacl  concentra tion a n d  d u ration of trea tment. 
2 .  Determ i nat ion  of Date pa l m  H ea t  Tole ra nce 
To the  best of o u r  knowledge, no assessment  has bee n 
done to the tolera nce of da te pa l m  pla n ts regenerated by tiss ue 
c u l t u re to e nv iro n m e n ta l  stresses. No informa tion ava i la b le 
a b o u t  the  tolera nce of these pla n ts to heat stress a lone or i n  the  
prese nce of  h igh  conce n trat ion of sa l ts .  Even for a d u l t  pla n ts, 
very sca n t  l i tera t u re is ava i la ble  a bout  their therm otolera nce. 
I t  is  wel l known tha t  date pa l m  pla n ts tole ra te h ig h  
tem pera t u re stress t h a t  k i l ls o ther  evergreen pla n ts. H owever, 
there a re no ment ioned methods t h a t  acc u ra tely dete rm i ne the 
tole ra nce leve l .  H a m mouda et al. ( 1 998) reported that  ad u l t  
date pa l m  tree tolerates up  to 6S °C and  the  idea l ra nge for 
vegetative growth is 32 °C to 38 °C. The rise of tem pera t u re 
above ra nge ca uses pi n nae s u nscald a nd scorc h of young 
pm nae.  
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3.Tolera nce of P la n ts to M u lt iple Stresses 
Ta l  a nd S h a n no n  ( 1 983) stud ied t he effect of dehydrat ion  
a nd h igh  tem pera t u re on  the s ta bi l ity of  leaf mem bra ne of 
(�'copersicon esculentum, S% nium. pellnel/ii, Iycopersicon 
peruvtan um a nd Iycopersicon cheesmanii. Determi n i ng 
electro ly te lea kage from leaf d iscs that  exposed to heat a nd 
dehydrat ion  s t ress assessed s tab i l i ty. M em b ra ne i nj u ry u nder 
stresses was g reater in  win ter-grown tha n in  s u m mer-grown 
pla n ts of a l l  s pecies. The mem bra ne of the wi ld s pecies 
a ppea red to be less sta ble tha n t h a t  of the c u l t ivated o ne. I n  a l l  
species d iscs taken from sal t-t rea ted pla n ts leaked more 
electro lytes u nder heat s tress t h a n  d id t h ose ta ken  from control 
pla n ts. 
Con ne r  et al. ( 1 99 1 ) com pa red betwee n Flax cv. A nd ro, 
a nd M cG regor, for heat a n d  frost to lera nce a nd for 
germ i na t ion  a nd emergence rate. T he growt h of exc ised s h oots 
was com pa red wi th  electrolyte lea kage fro m exc ised leaves a n d  
w i t h  regrowth o f  i ntac t pla n ts .  Exc ised s hoots of A nd ro we re 
more hea t tolera nt  than  M cG regor s hoots o bta i ned from pla nts 
g rown o n  sa l t  gra d ient  i n  the field. T he exc ised-lea f test 
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overest i mated heat  tolera nce In  compa rison to the exc ised­
s hoot test. P reco n d it ion i ng pla n ts g rown a t  1 5°C 15°C 
( l i gh t/da rk) by s low hea t i ng (5 °C Ih )  d ramatical ly i ncreased 
the i r heat tolera nce wi th  A nd ro be i ng s u perior  i n  hea t 
tolera nce to M cG regor. I n  field a nd control led e nv i ro n m e n t  
s tud ies, both c u l tiva rs were s i m i l a r  i n  fros t  tolera nce. 
Kaku  ( 1 993 ) used wa ter proton N M R  relaxat ion t i mes 
(T l ), s u pe rcool i ng a bi l i ty, a nd water conte n t  to meas u re 
sensit iv i ty of a za lea species; c v. S hounos h i n, Las iophy l l u m  a n d  
K u m a no-satsu ki t o  freezi ng, de hyd rat ion, h igh  tem perat u re 
a nd sa l t  stresses. A species with  a l a rge c ha nge i n  T l  is more 
stress- sensi t ive tha  n s pec ies show i ng the oppos i te tende ncy. As 
we l l  as the re la tive sens i t iv i ty to va rious s tresses of each s pecies 
a ppea rs to be rela ted to the seve r ity of condi t ions i n  i ts na t u ra l  
h a  b i ta t. 
Aga rie et 01. ( 1 995) meas u red cel l  mem bra ne 
therm os ta b i l i ty by electrolyte lea kage ( E L)  as a drought  a n d 
hea t tolera nce tes t i n  rice ( Oryza sativa L . ) . They fou nd i n  
desicca t ion tes t wi th  polyethy l e n e  glycol  ( P EG ), E L  increased 
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from 1 0% to 80% with i nc reas i ng from 20% to 60% of PEG 
conce n tra t ion  [ PEG l .  E L  was  i nc reased wi th  the t ime  of  PEG 
trea tment ;  accord i ngly, 24  h o u rs as  a period of  s u bm e rged leaf 
were se lected. As well  as they i nvest igated a n  opt ima l  
tem pera t u re a nd t rea tment  period, a nd a ro u nd 42 °C i s  l i kely 
to  be s u i ta ble for test i ng  mem b ra ne thermosta b i l i ty .  EL was 
i nc reased a l m os t  l i nea rly w i th  the t ime of leaf tiss ues 
s u bm e rged i n  test tem pe ra t u re (42 °C) so lu t ion ;  E L  of PEG test 
was greater i n  se nesc i ng leaf ( the  forth leaf from the  youngest 
fu l ly expanded leaf) t h a n  leaf i n  w h i c h  se nesce nce is less 
adva nced ( the you ngest fu l ly expa nded leaf). EL of leaf t issue 
was a lso  i nc reased wi th  water defic i t, i n d icat i ng p hysiological  
sta tus  of pia nt  i tself ca n be reflected by the tec h n iq ue.  
Perc iva l et al. ( 1 998) stud ied the i nfl ue nce of sod i u m  
c h loride a n d  waterlogging stresses o n  A lllus cordata t rees 
g rown i n  freely d ra i ned or wate rlogged com post s u bstra tes. 
Wate rlogg i ng us ing  d ist i l led wa te r ca used no s ign ifica nt  stress 
com pa red wi th  controls, apa rt from i nc reas i ng root i ron a nd 
ma nga ne e concentra tions.  Com plete m orta l ity was recorded 
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I n  t rees watered wi th  a sod i u m  c h lor ide sol ut ion 4.5% or 
wa terlogged In  sod i u m  c h loride solut ions 2 % . Wateri ng  or 
wa terlogg ing  wi th  d is t i l led water had no  s ign ifica n t  effect on  
m o rta l ity ,  w h i le  66.6% of  t rees watered wi th  a 2 %  sod i u m  
c h l o ride sol ut ion  d ied. I rrespective of whether t rees we re 
g rown i n  freely d ra i ned or waterlogged com post, a ppl ica t ions 
of sod i u m  c h loride to roots decreased leaf c h lorophyl l  
fl uorescence a nd i nc reased ce l l  e lectro ly te lea kage a nd leaf 
necros is for u p  to 1 5  days afte r bud bu rst. Sign ifica n t  
red uctions  i n  c h l orophyl l  fl uorescence were detec ted by  day 3 
fol lowi ng bud b u rst ;  however, s ign ifica n t  i nc reases i n  cel l  
electro lyte lea kage a nd leaf necros is were not  detected unt i l  day 
6. A ppl ica t ions  of sod i u m  c h loride s ign i fica n tly i ncreased 
sod i u m  a nd c h loride concentra t ions  in root, leaf, a nd s hoots 
i rres pective of d ra i nage, wi th  h ig her conce ntra tions reflect i ng 
a ppl ica t ions of s tronger sa l t  so l u t ions.  Ca lc i u m ,  phosphorus,  
magnesi u m ,  a nd potass i u m  concen tra t ions in  ce l l  t iss ues were 
u naffec ted by t rea tments.  Depressed leaf a nd s hoot copper, 
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ZI OC, a nd I ro n  concen trat ions were recorded 1 0  trees 
waterlogged i n  sod i u m  c h loride sol u t ions  4.5% . 
Y u  et al. ( 1 998) s tud ied the effects of sa l t  stress (200 
m mol  L- 1 ) a nd ca lc i u m  (Ca2+) on the l ipid com posit ion a nd 
fu nction  of plas ma mem bra ne a n d  tonoplast ves ic les isolated 
from the roots of ba rley seed l i ngs (Hordeum vulgare L. J i a n  4). 
N i ne days of expos u re to 200 m mol  L- 1 NaCI  resu l ted i n  a 
s ignifica nt  i nc rease i n  the e lectrolyte lea kage a nd Na  + /K+ ra t io 
in the roots, s hea ths, a nd leaves of ba rley. The i ndex of 
u nsatu rated fatty acids ( I U FA )  in plasma mem bra ne ( PM )  a nd 
tonoplast  (TP)  vesic les, and the levels of galactol i p id i n  T P  
i nc reased. The res u l ts s h owed a lso  t h a t  the a l lev iat i ng effect of 
Ca2+ o n  NaCI  i nd uced i nj u ry i n  ba rley seed l i ngs may be related 
to the c ha nges of mem bra ne l i pid com pos i t ion  i nc l ud i ng 
phosp h o l i pids, ga lactol ip ids,  and t hei r fatty acids.  
Ak imova et al. ( 1 999) s tud ied the effect of s hoot or root 
hea t ing of leaf a n d  root ce l ls  of wi nter ( Triticum aestivum) a nd 
c uc u m ber  ( Cucumis sativus) seedl i ngs o n  hea t ,  cold,  a nd sa l t  
t I S d l '  h t d a t  40°C a nd 30°C, o era nee. ee l Ogs we re ea e 
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respectively. The res u l ts revea led t ha t  leaf tolera nce i m proved 
after hea ti ng both roots a nd s hoots .  
Tewa ry et al. ( 2000) cond ucted an experi m e n t  on  five 
m ul berry genoty pes (G2,  G3, G4, S34 a n d  S 1 3 )  to screen them 
to sa l t  a nd osm otic s tress. The data revea led that  the genoty pe 
G4 ra n ked the  h i g hest i n  terms of s p rout ing  percentage a nd 
s hoot le ngth, com pa red to the control  va riety (S34) at  eac h  
conce n t ra tion  of NaCI  u p  t o  1 .0 % a nd PH u p  to 9.5. I n  case of 
osm otic stress cond i tion  ( med ia s upp lemented with  1 - 1 0  0/0 
PEG), S 1 3  exh i bi ted the  h ighest  spro u ti n g  percentage a nd 
s h oot  growth com pa red to the other  test ge noty pes. T he 
genotypes G4 have bee n screened as a l t  tolera nt ge notype. 
Accord i ng to J i a n g  et al. (200 1 ) who conducted a 
com pa ra tive s tudy on the effects of beat  stress a lone or III 
com bi n a tion with  d rought  on  P 'lOtosy n t hesis, wa te r re lat ions, 
a nd root growt h  of ta l l  fescue ( Festuca arUlu/inacea L . )  a n d  
peren n ia l  ryegrass ( L otium perenne L. ) .  G rasses were exposed 
to heat (35 °C d ay/ 30 °C n ig h t) or hea t and  d rought ( i nd uced 
by wi thho ld ing  i rriga tio n ), i n  growth c h a m ber for 35 days. The 
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res u l ts revea led that  decl i nes i n  ca nopy net photosyn t he t ic ra te, 
leaf p h otoc h em ica l effic iency, a nd leaf re lat ive water conte n t  
a nd t h e  i nc rease i n  electrolyte lea kage were m uc h  more severe 
a nd occ u r red earl ier for ryegrass tha n fescue s u bjected to both 
hea t a nd heat a nd d roug h t. A lso fescue had a h igher  
eva potra nsp ira tion tha n ryeg rass a t  3 a nd 6 days for hea t a nd 
hea t p l us d rought, respectively. 
4. M itigation  or A l leviat ion of  Heat  a nd Salt  Stress Damage 
a nd the  Possib il ity of I nc rease t he Tolera nce to Heat  a nd Sa l t  
s tresses. 
T h e re a re m a ny reports of a protective effect of Ca2+, K-
a nd u nsa tu rated fa tty ac ids such  as oleic acid aga i nst  heat or  
sa l t  i nj u ry. La nge ( 1 96 1 ) s ucceeded in  h a rden ing  Commelina 
africana a n d  Phoenix dactylifera by c u ltiva ti ng them a t  h ig h  
b u t  not i nj u rious te m pera t u res. T hey o btai ned a 4 °C i ncrease 
i n  hea t tolera nce (from 47 to 5 1 °C) in the leaves of Commelina 
africana by growing t he pla n ts a t  28 °C for 5 weeks com pa red 
to con trol pla n ts grow n for the sa me length  of t ime at 20 °C. 
S imi la rly, Ya rwood ( 1 967) succeeded to ha rden bea n, 
cow pea, orn, Corn, C uc u m ber, fig, soybea n,  s u nflowe r a nd 
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tobacco by e x pos u re to a i r  tem perature (wate r  bath )  of 45-55 
°C. H e  fou nd that the optim u m  exposu re t ime was 20 sec. at 50 
°C. Zavadskaya a nd De'  n ko ( 1 968) a lso i nvestiga ted twelve 
s pecies of pla nts a nd fou nd that the  heat tolera nce was h igher  
when  they were s u bjected to  a water deficiency tha n w h e n  
g row i ng i n  h u m id h a b ita ts. 
G a ry-boo ( 1 970) reported that  ca lc i u m  m ight  serve to 
b ind the  pola r heat gro u ps of p hospho l ipds together a n d  t h us 
l i m i t  m e m b ra ne permea bi l ity.  T his was reflected on  red uced 
electro lyte lea kage. 
Poova ia h a nd Leopold ( 1 976) also re ported that the 
lea kage of sol utes from pla nt t iss ues i nd uced by ( N H 4)2 S04 
cou ld be re l ieved by the add i ti o n  of CaCho T his ca lc i u m  
m a i n ta i ns t h e  mem bra ne i n tegrity .  S im i larly, Toprover a nd 
G l i n ka ( 1 976) fou n d  that  Ca
2+ i n h i bi ted the revers i ble, hf'at ­
i nd uced effl u x  of betacya n i n  from beetroot e xposed to 45 °C for 
90 m i n. 
Leopold et af. ( 1 984) reported i n  the i r experi ments on 
oybea n leaf t issue role of ca lc i u m  c h loride in  protecti ng  p la nt  
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ti sue mem bra ne from the Nacl  da mage. Whereas, 200 m M  
NaCI,  wi th  addi tiona l a m ou nts of CaCh rangi ng from 1 to 1 00 
m M  was red uced the re lative lea kage of sol u tes from the tiss ue. 
Conseq uently, they conc l uded that  CaCh could protect leaf 
mem b ra ne aga i nst  the lea ki ness i nd uced by NaCI .  
R ichard a nd G a ry ( 1 984) reported that  CaC h  could 
protect leaf mem b ra nes aga i nst  the  lea ki ness i n d uced by N aCI .  
That  mea ns the  d a mage i nd uced by sod i u m  c h loride could be 
a l lev iated by calc i u m  treatment. S i m i la rly,  Ben- H ayyi n m  et al. 
( 1 987) fou n d  that  k+ a pp l icat ion cou ld red uce the de lete rious 
effect of sa l in ity on  pla n t  deve lopment. T h us, potass i u m  a lso 
can m it igate the d a mag ing effect of sod i u m .  
Boroc hov et al. ( 1 99 1 ) s tud ied the res ponse o f  melon 
pla n ts to sa l t. T he i r  res u lts revea led that  an excess of NaCI  i n  
the growth med i u m  of melon ( cv. Ga l ia )  seed l i ngs a ffected 
g rowth ra te, m orphology a nd contents of d ry ma tter 
c h l orophy l l , K-, Na + a nd c h loride i n  the root a nd leaf tissues. I n  
roots of seed l i ngs grown i n  NaCI,  the electrolyte lea kage to iso­
osm otic med i u m  was m ore ra p i d .  Fluoresce nce pola r ization 
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measu re m e n ts revea led that root mem bra nes isolated from 
these seed l i ngs were s ign ifica nt ly less fl uid .  
H a rwood et al. ( 1 994 ) reported that c ha nges i n  fa tty ac id 
u nsaturat ion a re cons idered one of mec ha n isms that  affect  
mem bra ne i n tegrity.  Si m ila rly, N i lsen a nd O rc u tt ( 1 996) 
reported that  mem bra ne thermosta bi l i ty at h ig h  tem pera t u re 
cou ld be m od ified by c ha nges i n  fa tty acid u nsa tura tion, the 
posit ion of fa tty ac ids  on  the  glycero l  bac kbone, the 
com posit ion of fatty ac ids, a nd the a b u nd a nce a nd 
com pos i t iona l  of sterols.  
A l la khverd iev et al. ( 1 999) s tud ied the role of 
u nsatu rated fatty ac ids i n  mem b ra n e  l i pids in the tole ra nce of 
the  photosy nthetic mac h i nery to sa l t  s tress by com pa ri ng the 
desA-/des D- m uta nt  of Sy nechocystis sp. PCC 6803, whic h 
conta i ned monou nsatu rated fatty ac ;ds, with the wi ld-type 
stra i n, w h i c h  conta i ned a fu l l  com plern ent  of poly u nsatu rated 
fa tty ac ids.  I n  darkness, the loss of oxyge n-evo lv ing  
photosys tem I I  act iv i ty in  the prese nce of  0 .5  M NaCI  or  0.5 M 
LiCI  was m uc h  more ra pid i n  desA-/desD- cel ls tha n i n  wi ld-
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type cel ls .  Oxyge n-evolv i ng act ivity that had been lost d u ri ng 
i nc u ba tion  wi th  0.5 M NaCI i n  d a rkness ret u r ned w he n  cel ls 
were t ra nsferred to cond i tions t h a t  a l lowed p hotosyn thesis or 
respi ra tion .  Recovery was m uc h  g reater in  wi ld  type tha n i n  
desA-/desD- cel ls, a nd i t  was prevented by l i ncomyc i n. T h us, 
the  u nsa t u rat ion of fatty acids is  i m porta n t  i n  t he tolera nce of 
the  p h otosyn thet ic m a c h i nery to sa l t  stress. I t  a p pears a lso that  
t he act ivity a nd syn t hesis of  the  Na +/ H+ a nt i po rter system 
m ig h t  be suppressed u nder h igh-sa l t  cond i tions a n d  tha t  t h is 
effect ca n be reve rsed, i n  part, by the u nsa t u ra ti o n  of fa tty 
acids i n  mem b ra ne l ip ids.  
Zhou a nd Leu l  ( 1 999 ) a lso  t rea ted seed l i ngs of w i n ter  
ra pe ( Brassica napus L. )  cv .  60 1 with  50  mg - 1  IL of  fol i ar­
a ppl ied u n iconazole a nd then  e x posed to heat  s tress wi th  a 
l ight/da rk tem pera t u re regi me of 43 °C /38 °C for 3 d ays a t  the 
stem e longat ion s ta ge.  Heat  stressed p la n ts conta i ned lowe r 
endogenous  g i b be re l l i c  acid ( G A3 ), I AA a nd zea ti n conte n ts 
tha n the  con t rols,  wh i le Abscis ic  acid (ABA)  content  a nd 
ethylene level we re i nc reased sig n i fica n tly.  U n iconazole-trea ted 
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pla nts had lower endoge nous G AJ and I AA contents, a nd 
h igher  zea ti n a nd A BA conte nts a nd e thylene levels. Lea f  
c h lorophyl l  conte n t  a nd respi ra tory ca pacity o f  roots were 
red uced ma rked ly after pla n ts were s u bjec ted to heat stress, 
a nd fol ia r sprays of u n iconazole reta rded the degradat ion of 
c h lorophyl l  a nd i n c reased respi ra tory c a pac i ty of roots. Fol i a r  
a ppl icat ions of u n iconazole red uced e lectrolyte lea kage a nd 
m a lond ia lde byde acc u m u la ti o n  ca used by heat stress. Fol ia r 
sprays of u n iconazole i ncreased tbe  tole ra nce of ra pe pla n ts to 
bea t stress. 
Aforemen tioned, electrolyte leakage proced ure proved to 
be a val id  test a nd was ada pted by m a ny resea rchers a l l  over  
the  world. As shown i n  the l i te ra t u re rev iew, th is proced u re 
was used to i nvestige the fol lowing :  
1 - T hermotolera nce of  d i ffe ren t  c u l t iva rs a nd spe"ies. 
2- Eva luat ion of germ plas ms  or genoty pes tolera nce to 
hea t stress. 
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3- Thermotolera nce of  pla n t  tissues a fter exposu re to 
a nother type of stress or  m ult ip le  stresses (sa l t  or 
d rought s tresses) .  
4- Assess i ng the effect of heat acc l i m a tion on the 
thermotolerance of fru i ts a nd leaves. 
5- The effect  of i nterm i tten t  war m i ng on heat tolera nce 
of va rious plant tissues. 
6- The effect of s low heating ( precond i tion ing)  on 
i n c reas ing heat tolera nce of some pla n t  spec ies. 
CHAPTER III 
MATERIALS AND METHODS 
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CHA PTE R I I I  
MATE R IA LS AND METHOD S 
T his  resea rch was conducted m the  Horticu l ture 
la boratory a t  the Depa rtment  of P lant  Prod uction, Facu l ty of 
Food Systems, U ni ted A ra b  E m i ra tes U nivers i ty d u ring 
200 1 12002. Two acc l imatization stages V P2 a nd V P3 (VP 
means  v i tro plan ts )  and  offshoots (a bout 4 yea rs old)  of  Rza iz 
date pa l m  c u l tiva r were used in th is resea rch.  T he V P2 stage of 
acc l i m a tizat ion  m ea n t  that  these plan tlets were u nder the 
acc l i m a tizat ion progra m for 4-6 months, whi le  VP3 meant  tha t 
t hese p lan tlets were u nder  th is  progra m for 1 0  months. P lants 
were t ra nsfe rred from tissue cu l ture la boratory loca ted a t  Date 
Pa l m  Resea rch a nd Development U n i t  to the  g reenhouse at  A l­
Oha Resea rc h  & £a tion.  P la nts we re ma intai ned i n  a green house 
u nder  tem perature ra nged a nd were not e xposed to water 
s tress. Electrolyte lea kage proced u re was used to measu re ce l l  
mem b ra ne thermosta b i l i ty afte r exposu re to a heat regime.  
T h is reg i m e  fol lowed the treatment with NaCI ( 1  % w/v ) or 
CaCh, KCl ,  or  oleic ac id as wi l l  be mentioned i n  deta i b. 
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Descript ion of Work 
I .  Dete rm i nat ion of T hermotolera nce 
T h i rty-th ree fu l ly expa nded leaflets (3 leaflets/pla n t) of 
s im i lar  p hysiologica l age were col lected from each stage. 
Leaves were washed with  ta p water a nd rinsed i n  deion ized 
wate r to rem ove the d usts a nd electrolytes ad heri ng to the 
su rfa ces and l ig ht ly c lea ned with t issue papers. Leaf segments 
of five-cent imeter length were c u t  from the m iddle  of each 
leaflet a nd placed in each test  t ube. I n  eac h  tube, 1 ml of 
deion ized wate r was placed to p revent  tissue desiccation a nd 
loosely covered with  a l u m i n u m  foi l .  A l l  test t ubes were placed 
in a wate r bath shaker  ( M e m mert-Type W B 1 4-Germany )  
prov ided with thermostat a nd t issues were exposed to a hea t 
reg ime ra nging from 30°C to 7SoC (SOC i n c rements) .  The 
exposu re t ime to each tem pe ra t u re was 30 m i n. T h ree tubes 
per acc l ima tiza tion stage remai ned at 22 °C as controls. At the 
end of the  30 m i nu tes exposu re, leaflet segments were removed 
from the water bath,  cu t i nto a bout 1 m m  stri ps to a l low 
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un iform d iffusion of electrolytes, retu rned to the tubes a long 
witb 40 ml of deion ized water, a nd i nc u bated in refrigerator at 
7 °C overn ight  before e lectrica l cond uctivity of each solu tion 
was dete r m i ned. I n  the next day Leaf sam ples were taken out 
from refrigera tor, wa rmed up to room tem pe ra tu re (22 ± 2 °C) 
a nd placed i n  shake r  device (Gesel lschaft Fur  Labortech n i k  
( G F L) m bh- model 30 1 5-Germ a ny)  for one hour to d iffuse 
e lectrolytes, then electro lytes leakage before ki l l i ng was 
m easured with e lectrical cond uctiv ity meter (Orion-model 1 50-
U SA).  Leaf sa m ples were then ki l led by autoclaving (J KA- J .  
39 A u toclave- Japa n )  ( 1 2 1 °C)  for ] 0 m i nutes, after that  were 
left on the shake r  device for 1 hou r, then the tota l electrolyte 
leakage read ing  were ta ken by us ing the same conductiv i ty 
mete r. Percentage of electrolyte leakage before ki l l i ng to after 
k i l l i ng was ca lcu lated.  The  th ree re pl icat ions of the control 
tissue went  th rough the same proced u re to determine  
pe rcentage of  e lectrolyte leakage. The  experiment  cons ists of 
e ight t reatments, each  treatment  repl ica ted 3 t imes, a nd each 
leaflet repre e n ts one re pl icat ion.  A com pletely ra ndom ized 
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design was used. Msta t Com puter Softwa re was used for 
obta i n i ng the a na lysis of va ria nce.  The  least s ign ifica nt  
d i fference ( LSD) at  0.05 level was used to com pa re the mea ns. 
I I . Assessment  of Tbermotolera nce in tbe presence of H igh 
Salt  Concentra tion  
The  sa me  proced u res as  i n  hea t  test were fol lowed, 
except leaflet segments of five-cen t imeter length were cu t  i n to 
two pieces to e nhance more penetra tion of sa l ts (NaCI )  a nd 
i m me rsed i n  1 % ( 1 0,000 ppm) of sod i u m  c h lo ride solut ion for 
1 h r. Segme n ts were plotted d ry wi th  tiss ue pa pers then placed 
in test t u bes wit h  1 ml of de ionzed wate r in each t u be to 
prevent tissue  desiccation. A proced u re s i m i l a r  to that fol lowed 
with  the  determ i na tion of thermotolera nce was a lso used i n  
order to assess heat tolera nce o f  t issues i n  the presence of h igh 
sa l t  concentration.  Sta tistica l des ign and a na lyses were a lso the  
a rn e  as i n  p revious experiment . 
I I I . Asse sment  of Tbermotolera nce Di rect ly After Ce rta i n  
T reatme n ts.  
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P i n nae segments were ta ke n  as mentioned before ( under  
the  determ ina tion of  hea t tole ra nce sect ion) .  Segments we re 
d ipped for 1 h r  i n  e i ther ca lc iu m  c h loride (0 .2 M ), or potassiu m  
c h loride (0.2 M ), o r  Oleic acid (0 . 1 M ). F u rthermore, 1 00 ppm 
of o le ic  ac id was d issolved in  50 m l  of  ethanol .  These segments 
were removed from the sol u tions a nd gently plotted d ry wi th  
t issue paper  from the surface. One  seg m e n t  was  then placed in  
a test t u be that  a l ready conta i ned 1 ml  of  de ionzed water. 
T ubes of va rious t reatments were exposed to the hea t regi m e  
(from 3 0  to 75 °C with 5 degrees i nc rements) .  A t  each 
tem pe rature,  the t h ree repl ica tions of each trea tment  were 
removed from the wate r ba th  sha ke r. M easurements of 
e lectrolyte lea kage and ca lcu lat ions of the  percentage of th i s  
leakage before a nd afte r ki l l i ng were measu red. T h ree 
repl ica t ions we re used with each trea tment  i n  a com pletely 
ra ndom ized des ign.  The ana lysis  of va ria nce a nd the least 
s ign ifica nt d ifferences (at  0.05 leve l )  were a lso obta i ned by 
M t a t  Com p u t e r  Softwa r. 
CHAPTER IV 
RESULTS AND DATA PRESENTATION 
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CHA PTER IV 
RES U LTS AND DATA PRESENT A TIONS 
1 .  Generat i ng t he s igmoida l  c u rves : 
As s hown i n  figures ( 1 -24 )  the  s ha pe of the s igmodia l 
c u rve was consiste n t  i n  a l l  hea t t rea t m e n ts .  T he trend of 
resu l ts was so c lear tha t  t here was no need to fi t a c u rve but  
con nected t he ac tua l  poi n ts .  T he leth a l  tem pera t u re was 
dete rm i ned at 50 % e lectrolyte lea kage. Figu res from 1 to 8 for 
VP2 pla n tlets represent  t he res u l ts of heat  tolera nce a lone or 
after t rea tments with sod i u m  c h lorid e, potass ium c h loride, 
ca lc i u m  c h loride, oleic acid,  or I n  other  combi nat ions. 
S i m i l a rly, fig u res from 9 to 1 6  for V P3 pia n t lets, a nd fi na l Iy 
figures from 1 7  to 24 for the offshoots of the  same c u lt iva r. 
T h e  s igmoida l  c u rve sta rted w i t h  s low i nc rease in electrolyte 
lea kage then at a tem pera t u re tha t  va r ies from one treatment  
to a nother  i t  i nc reases va ries ra pidly. Afte r exceed i ng 50  % 
elect rolyte lea kage, there is a level i n g  off with  very m i nor 
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cha nges i n  th is lea kage wi th  i nc rease i n  the te m pe ra t u re. T h us, 
t he fig u res c lea rly s how i nflection of the l i ne. 
I I . I denti ficat ion of Leaflets Thermotolera nce:  
I I . A. V P2 Acc l imatizat ion Stage :  
D ifferences 1 0  l e tha l  te m pe ra t u res after d iffe rent  
trea t m e n ts of V P2 acc l imat ized pla n t le ts a re presen ted in  
Tab le  1 .  Smal l  d iffe re nces in  heat  tolera nce a re im porta n t  i n  
s u rv iv i ng hea t s tress u nder  fie ld  cond i tions.  From the 
i n flect ion poi n t  at 50 % electrolyte lea kage, i t  was evid e n t  tha t  
the  l e tha l  tem pe ra t u re for V P2 was  a t  53 °C. F u rtherm ore, 
when  t hese leaflet segmen ts of pla n t lets were i m me rsed i n  Nacl  
( 1  % w/v ) for 30 m i n .  before the  e x pos u re to  the  heat  regi me, 
the letha l  te m pera t u re was 53.5°C. A t  th is stage of 
acc l i m a tiza tion,  tiss ues were not  sens i tive to used sa l t  
conce ntra t ion (Table  1 ) . H oweve r, when  tht:!  t iss ues were 
t rea ted with  e i ther  potass i u m  c h loride )  or ca lc i u m  c h loride, 
hea t tole ra nce of V P2 stage was i nc reased as i nd ica ted by the 
let ha l  te m pera t u res (57°C a nd 57. 5°C, respectively),  as 
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com pa red wi th  heat trea tment  a lone .  T h us, i nc reasing t iss ues 
conte n t  of ca lc i u m  or potass i u m  c o u ld have a d i rect effect o n  
i nc reas i ng hea t tolera nce of date pa l m  pla n tlets a t  t h is stage of 
acc l i m at izat ion .  Heat  tolera nce of o le ic a c id-trea ted t iss ues was 
s l igh tly i nc reased ( the  le tha l  tem pera t u re was 53.4 °C). 
H oweve r, a ma rked cha nge of letha l tem pera t u re for V P2 stage 
was o bta i ned when the leaflet segments were pretrea ted w i th  
the  sa l t  p l us oleic acid before the  e xposu re to  the  heat  regi m e. 
Table  ( 1 )  s h ows tha t  the letha l  tem pera t u re for hea t pl us sa l t  
a nd ole ic  ac id was 57. 1 °C. Sim i la r resu lt was obta i ned w he n  
VP2 t issues were pretreated with  sa l t  p l us KCI o r  NaCI p l us 
eaCh before the expos u re to t he hea t reg ime. The le tha l  
te m pe ra t u re for heat  p lus  salt  a nd KcI was 58 °C, w h i le for 
hea t p l us sa l t  a nd CaCh was 57. 1 °C. 
I L B. V P3 Acc l i m at iza t ion  Stage 
T he data i n  ta ble ( 2 )  s how tha t the  let h a l  tem pe rature of 
lea flet egm e nts of VP3 acc l imat ized pla n tlets whether d i rectly 
exposed to t he heat reg ime or afte r trea t m e nts with NaCI, KCI,  
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CaCl2 or ole ic ac id .  The  hea t  tolera nce of tissue d id not 
s ign ifica n tly va ry from those tiss ues ex posed to hea t m the  
presence of NaCI  ( 1  % w/v) .  Each of KCI a nd CaCI2 
t reatme n ts i nc reased t he t h e rmoto lera nce  of leaflets tissues a t  
th i s  stage tha n non- treated. The  l e tha l  tem pera t u res for hea t 
pl us KCI or pl us CaCh t rea t m e n ts were S6.SoC a nd 57°C, 
respectively.  A d i rect  posi tive effect on t he thermotolera nce 
was a lso obta i ned w h e n  V P3 leaflets tissues were pretrea ted 
wi th  o le ic  acid ( 1 00 p p m )  before the expos u re to the hea t 
reg i m e. A t  t h is stage t he response of t h e  t issue to presence of 
ole ic  ac id  was greate r  t h a n  tha t  obta i ned wi th  VP2 stage. T he 
letha l  tem pe ra t u re of hea t pl us N a C I  a nd oleic ac id (Ta ble 2 )  
was 57 °C a n d  n o t  d i ffe r from tha t obta i ned w i t h  heat pl us ole ic 
acid s i nce t h is salt  conce n trat ion had no a dverse effect on  t he 
therm otolera nce of tiss ues. F - J rt h e rm ore, when the segments 
were pretrea ted w i t h  N aCI a nd KCI,  t h e i r  lethal  tem pe ra t u re 
was 54 °C. Ca lc i u m  trea ted t iss ues eve n i n  the presence of sa l t  
m a i nta i ned the ir  i m proved therm otole ra nce where the letha l 
tem pera t u re was 57.4 °C. 
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I I . C. Rza iz  offs hoots 
Letha l  heat tem perature of leaflets ta ke n from R za iz 
offs hoots (58.5 °C) was m uc h  h igher  t h a n  tha t  of V P2 a nd V P3 
leafle ts. T hese offshoots were sti l l  a ttached to mother p la n t  
u nder hars h  condit ions i n  the fie ld .  T he offshoots wen t  t hrou g h  
a h a rden i ng process that  was reflected on  the ir  
t he rm otolera nce. I n  a s im i lar  way NaCI  a t  t he used 
conce n t ra tion d id not have a n  a dverse effec t  on t he leaflets 
( p i n na e )  t hermotolera nce, as i t  was 58 °C. T here was no  a dded 
adva n tage on the heat tolera nce of offshoots leaflets w h e n  t h ey 
pretreated wit h  KCl or  CaCho Eve n oleic ac id d id not i m prove 
the tolera nce to heat  stress w h i c h  i nd ica tes aga i n  that  58.5 °c 
cou ld be the m a x i m u m  potent ia l  of these t iss ues to tole ra te heat  
s tress. The  leaflet ( p i n nae)  t iss ues hea t letha l tolera nce tha t  
we re previously trea ted w i th  NaCI  d i d  not  va -y from that  
reg ime  ex posed to the heat  regi m e  on ly (Ta ble 3) .  Si m i l a rly, 
trea t m e n ts with  sod i u m  pl us e i t her  potass i u m  or ca lc i u m  
before t h e  hea t  reg ime  d id not have a s ign i fica nt  effect o n  the 
le tha l  tem perat u re of leaflets. I n  genera l,  the therm otole ra nce 
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of t rea ted p i n nae was s i m i la r whether  the tiss ues were ex posed 
to heat  o n ly or to heat i n  add i tion  to sod i u m, potass i u m ,  
ca lc i u m ,  or ole ic acid i n  va rious com bi n a tions .  T h e  th ick  
c u tic le  deve loped on  these offshoot p in nae s ho u ld not have 
represen ted a problem for the upta ke of c hem ica ls s i nce 
c he m icals  ca n d iffuse t h rough  the c ut s u rface of used segments .  
I I I . T he i n te ract ion between the Heat  regim e  a nd t h e  two 
Stages of Accl i matization VP2, VP3, a nd offs hoots. 
The  data i n  ta ble (4)  i n d icated that  lea kage of electrolytes 
was s ign ifica nt ly h igher  a t  VP2 s tage t h a n  that  obta i ned wi th  
V P3 sta ge eve n  a t  relatively low tem peratu res s u c h  as  30 °C, 35  
°c, 40 °C, 45 °c, a nd 50 °C. H owever, a t  55  °c, both VP2 a nd 
V P3 leaflets had s i m i l a r  electrolyte lea kage. Si m i l a r  res ults 
we re obta i ned at the h igh  te m pera t u res 60 °C, 65 °c, 70 °C, a nd 
75  °C. T hese resu l ts a re i n  agreement  w i th  tha t  fou nd i n  ta ble 
1 a nd 2 where the letha l  tem pe ra t u res for VP2, a nd VP3 stage 
were 53 °C a nd 53.5 °c, respect ively. A l though t hese letha l  
tem pe ra t u res we re not very d iffe re nt  from each other  but  the 
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i nj u ry to V P2 leaflets ta rted ea rl i er  than  tha t  occu rred to V P3 
eve n  though  i t  was not le tha l  prior  to 50 °C. 
I f  e lectrolyte lea kage of V P2 leaflets was com pared wi th  
that  of offshoots, the  data i n  Ta b le 4 showed a s imi lar  trend to 
t h a t  fou nd a bove betwee n V P 2  a nd V P3. Aga i n, electrolyte 
leakage of V P2 leaflet segme n ts was s ign ifica nt ly h igher  tha n 
that  of offshoots a t  the  tem pe ra t u res 30 °C, 35 °C, a nd 40 °C 
a nd eve n  a t  the  s u bletha l tem pera t u re 50 °C. A l though  lea kage 
of electrolytes of V P2 at 55 °C reached to the  letha l  va l u e  for 
V P2 tissues (64. 1 0/0 ), i t  was fou n d  that, at  t h is tem pe ra t u re, 
e lectrolyte lea kage was o n ly 1 3 . 4 % for offshoot leaflets. Even 
after exceed i ng the lethal  tern pe ra t u re, electrolyte lea kage of 
V P2 was st i l l  s ign ifica ntly h igher  tha n that  obta i ned w i th  
offshoots a t  75 °C. 
W he n  e lectrolyte lea l< 1ge of the re lat ively more adva nced 
stage i n  acc l i m at iza tion  ( V P3 )  was com pa red with  the  fie ld­
ha rde ned offs h oots, we fou nd tha t  t h is lea kage was not  
sta t ist ica l ly d ifferen t  ( P<0.05) at  30 °C, 35  °C, 40 °C, 45 °C 0 ,  a nd 
50 °C. Howeve r, at 55 °C, e lect rolyte lea kage of VP3 lea flets 
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was s ign ifica n tly h igher  tha n that  of offshoots (66.2 % a nd 1 3.4 
0/0, respectively).  Th is was s u p ported by the find i ng in Ta ble 3 
a nd 2 w here the  letha l  tem pe ra t u re for offshoot leaflets was 
58.5 °c a nd for V P3 leaflet was 53.0 °C.  After exceed i n g  the  
letha l  tem pera t u res for both V P3 a nd offshoots, e lectrolyte 
lea kage was very h igh  ( over 70 0/0) a nd s im i l ar  for both .  T he 
d a ta i n  ta ble (4 )  a lso i nd ica tes tha t  as the  V P2 leaflets lost 1 8.3 
0/0 electrolytes at 3 5 °C, wh i le the  offs hoot leaflets lost only 1 3.4  
0/0 a t  55 °C. A l t hough th is d i ffe rence was not  statist ica l ly  
s ign ifica n t  ( p<0.05), but  t he lea kage was ach ieved at  m uc h  
h igher  tern pera t u re wi th  the  offs h oot leaflets. Th is proves the 
i m porta nce of the  d u rat ion factor in  heat  s tress of date pa l m  
pla n t lets that  cou ld  be addressed i n  the fu rther stud ies. 
S im i la r  com pa rison cou ld be made  between electrolyte lea kage 
of V P2 leaflets at 55 °C a nd tha t of offs hoots at 60 °C. Val ues at  
bot h tem pera t u res were not  sta t ist ica l ly d ifferent  (Table  4 ) ,  
howeve r this  lea kage was obta i ned ea r l ier  in  V P2 leaflets. 
S i nce heat tress that was preceded by oleic ac id 
t rea tment  res u l ted i n  i ncreas i ng hea t tolera nce espec ia l ly i n  
67 
V P3 leaflet , the i n te ract ion between heat  pl us oleic ac id a nd 
t h e  acc l i m at izat ion stages V P2, V P3 a n d  offs hoot was a na lyzed 
( Ta ble 5). E lectrolyte lea kage of V P3 leaflets exposed to the 
hea t reg i m e  after oleic ac id trea t m e n t  was s ign ifica n t ly less 
t h a n  found  wi th  V P2 leaflets a t  45 °C, 50 °c a nd 55 °C. Si m i l a r  
trend w a s  a lso found  w h e n  com pa r ing  t he lea kage of VP3 
leaflets with the  offshoot leaflets. A t  30 °C, 35 °c, 40 °C, a nd 45 
°c, t he lea ka ge of V P3 leaflets was s igni fica ntly lower t ha n tha t  
of  offs hoot leaflets. 
T he d a ta i n  Tab le 1 a nd 3 a lso  s h owed t h a t  eve n  though 
hea  t tolera nce  of oleic ac id-trea ted  tiss ues was  53 .4  °c a nd 58. 1 
°c for V P2 a nd offshoot leaflets, respective ly. Oleic acid 
t rea t m e n t  to V P2 leaflets, however, resu l ted in s ign ifica n tly 
lower elect rolyte lea kage than  t h a t  obta i ned with  the offshoot 
lea flets at the s u blet h a l  tem pera t u res 35 °C a n d  40 °C. 
T he effectiveness of ole i c  ac id  i n  i ncreasing heat 
tolera nce was m ore pronounced i n  V P3 - trea ted leaflets tha n 
V P2 pla n t le ts .  T he d ifference was not on ly i n  the letha l 
tem pe ra t u re but  a lso i n  elec t ro lyte lea kage at  s u bletha l  
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tem pe ra t u res. For exam ple, at 45 °C, 5 0  °c, a nd 55 °C, 
electrolyte lea kage of V P2 leaflets was s ign ifica ntly h igher  tha n 
t h a t  of V P3 leaflets. 
I V. T he i n teraction between T reatments a nd the two 
Accl i mat izi ng Stages V P2, VP3, a nd offshoots . 
Differences 1 0  electrolyte lea kage of the two 
a cc l i m a tizat ion stages V P2, V P3 a nd the field- h a rdened 
offshoots i n  re la tive to heat treatments a re s hown in Tab le (6) .  
T he i nteract ion  between va rious t reatme nts a nd t he two 
acc l i m a ti za t ion  s tages ( V P2 a nd VP3)  d id not s how a 
s ign ifica nt d ifference i n  electrolyte lea kage between treatments 
except w i th  t h e  hea t t rea tment  a lone for VP2 a nd V P3.  The 
d a ta a lso i n d icated that  V P2 leaflet lost s ign ifica nt ly  more 
e lec trolytes t ha n  V P3 leaflet  (Ta ble 6) .  W h e n  the lea kage of 
V P2 leaflets was com pared with t ha t  obta i ned w i th  offshoot 
leafle ts, it wa fou nd that t h is lea kage was h igher  in V P2 
leaflets tha n tha t  of the  offshoot leaflets whether wi th  hea t 
a lone or when  pretrea ted wi th  salt, potass i u m, ca lc i u m ,  ole ic 
acid,  or sa lt  plus oleic ac id .  S i m i la rly, V P3 leaflets had h igher 
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electrolyte lea kage tha n offshoot leaflets with  a l l  trea tmen ts 
except w i th  hea t pl us oleic ac id t rea t m e n t  a nd heat p lus salt  
a nd ca lc i u m  ( Ta ble 6). 
V.  The  i nteract ion betwee n va rious T reatments a nd 
Tempe ra t u res of Rza i z  d a te pa l m  a t  t he VP2, V P3 
acc l imatiz ing Stages a nd offshoot. 
T he d a ta i n  Table 7 s howed t h a t  w h e n  V P2 leaflets were 
p retreated w i t h  N ac l  a nd exposed to heat  reg i me, they had 
s ign ifica ntly h igher  e lectrolyte lea ka ge t h a n that  obta i ned wi th  
hea t fol lowi n g  the  trea tmen t  wit h  NaCI  p l u s  oleic acid,  KCI, or 
CaCh even a t  the  s ubleth a l  tem pe ra t u res 45 °C a nd 55 °c. 
H oweve r, a t  60 °C oleic acid, K C I, CaCh were not a ble  to 
red uce s ign ifica n tly e lectrolyte lea kage, w h e n  eac h  of them was 
com bi n ed wi th  heat p l us sa l t  as c o m p a red wi th  heat a nd NaCI  
t reatm e n t  (' n ly .  T his proves a ga i n  the  s ign ifica nce of the 
d u rat ion  factor i n  st ress a nd the  m i t igat ion of sa lt effect by 
oleic ac id, K CI, or CaC12. T he data i n  Ta ble 8 a lso confi rm tha t 
hea t pl us s a l t  treated tiss ues of V P3 sta rted to leak out  
s ign ifica nt ly h igher  a mo u n ts of  e lectrolytes when exposed to 
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even s u bletha l  te mpe ratures suc h as 40 °C, 45 °c, and  50 °C as 
com pa red wi th  hea t plus sa l t  b u t  i n  the  p resence of e i ther  oleic 
ac id or  KCI or CaCho Th is res u l t  con fi rms  the  role of t hese 
compou nds i n  m i tigat ing the  sa l t  effect. The  lowest mea n  of 
e lectrolyte lea kage (Table 8) was obta i ned wi th  hea t p lus oleic 
ac id .  The lea kage mea n (33.4% ) was s ign ifica n tly lower tha n 
tha t  fou nd wi th  a l l  other t rea t m e n ts except hea t plus sa l t  a n d  
CaCho F rom the  i n te ractions i n  Ta ble 9,  i t  cou ld  b e  noticed a t  
s u bletha l  tem pe ra tu res s u c h  a s  40 °C, 45 °c, a nd 50 °C, 
e lectro lyte lea kage of offshoot leaflets ca used by heat p lus  sa l t  
was  not  s ign ifica n tly d iffe re n t  from hea t p lus  sa l t  i n  the  
presence of  e i ther  oleic ac id ,  KCI ,  or CaCI2• T h is was I n  
agree m e n t  wi th  o u r  fi n d i ng i n  Ta ble 3 where var ious 
t reatme n ts had s im i la r letha l  te m pe ra t u re for offshoots. Even 
for t rea tme n t  mea ns (Ta ble 9 ), there was no s igni fica n t  
d ifference i n  e lectrolytes a m ong a l l  trea tments.  T his prov ided 
fu rt her  evide nce for the u n iq ue res ponse of offs hoots to va rious 
hea t trea t m e n ts as com pa red w i t h  V P2 a nd V P3 
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Figu re 20. Heat t o lerance o f  p ret reated ca lcium c h l o ride of offshoot  Rza iz 
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Table 1 .  Let ha l  tempera t u re of Rzaiz date palm lea flets 
at  t h e  V P2 accli mat izat ion stage as i nfluenced by 
v a rious  t reat m ents. 
T rea t m ents  Let ha l  
tempera t u res ( Oc )  
H ea t  53.0 
H ea t  a n d  Salt  53.5 
H ea t  and K C I  57.0 
H eat  a n d  CaCh 57.5 
H eat  a n d  Oleic acid 53.4 
H eat  a n d  Salt and Oleic acid 57. 1 
H ea t  a n d  Salt  a n d  KCI  58.0 
H ea t  a n d  Salt and CaCh 57. 1 
Table 2 .  Leth a l  tem pera t u re of Rzaiz date pa lm leaflets 
at the V P3 accl imat izat ion stage as infl uenced by 
various  t reatments. 
T reatments Let ha l  
tempera t u res Cc )  
H ea t  53.5 
H eat  a n d  Salt  53.9 
Heat  a n d  K C I  56.5 
H ea t  a n d  CaCh 57.0 
H eat  a n d  Oleic acid 57. 1 
H ea t  a n d  Salt  a n d  Oleic acid 57.0 
H eat  a n d  Salt a n d  K C I  54.0 
Heat a n d  Salt  and CaCh 57.4 
Table 3.  Leth a l  tem pera t u re of Rza iz d ate palm leaflets 
fro m offshoots as i nfluenced by various t reatmen ts. 
T reat m ents Let h a l  
Tem peratu res ( oe )  
H eat  58.5 
H eat  and Sal t  58.0 -
H ea t  a n d  KCI  58.5 
Heat and CaCh 58.4 
Heat and Oleic acid 58. 1 --
H eat  a n d  Salt  a n d  Oleic acid 58.5 ------- -
l I eat a n d  Sal t  a n d  K CI 57.4 -- ---- -
Heat a n d  Salt  a n d  CaCl1 57.4 � - -
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Table 4. The i n teract ion between t h e  heat regime and the  stages of 
accli m a t iza t ion and h a rden ing of Rzaiz date palm plants on 
elec t ro lyte  lea kage ( %). 
Tem pe ratu re V P2 * 
regi mes (oC) 0/0 
Cont ro l  (22)  1 1 .4 * *  
ij kl 
30 1 8.5  
gh 
35 1 8.3 
gh 
40 1 9.4  
g 












75 8 1 .8 
a 
Mean 44.6 
L.S. D. (0.05 ) = 5.925 
C.V. % = 9.27 
VP3 * Offshoot M ea n  
% * 
% 
8.9 1 0  1 0. 1  
kl kl 
6.5 1 0.7  1 1 .9 
I ij kl 
7.9 1 1 .6 1 2 .6  
kl ij kl 
1 1 .3  1 0.5  1 3. 7  
ij kl jkl 
1 0.6  1 0.9 1 2 .7  
j kl ijkl 
1 6. 1  1 1 .3 2 1 .2 
g h ij ij kl 
66.2 1 3.4 47.9 
e h ij k  
69.5 63.8 68.8 
de e 
77.2 76.3 76.6 
abc abc 
75.7 77.5 76. 1 
bc abc 
80.9 74.3 79.0 
ab cd 
39.2 33.7 39.2 
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values a re m ea n s  of  t h ree rep lica t ions (each rep licat ion rep resents d a t e  
palm p Lant let o r  o ffshoot) .  
means w i t h i n  colu m n s  o r  rows fo l lowed by same letter  d o  not  d i ffe r  
ign i ficant ly a t  0.05 level ( least sign ificant d i ffe rence test ) .  
I 
Ta ble 5. The i n teract ion between heat p lus  oleic acid t reatment  a n d  
the stages of  acclimat iza t ion a n d  h a rd e n i n g  of  Rza iz datc 
palm plants on e lectro lyte leakage ( %) .  
Tem pe rat u re VP2 * 
regi mes (oC) % 
Con t ro l  (22)  6 . 1 **  
m n  
3 0  7.4 
klmn 
3 5  6.4 
I m n  
40 6.8 
kJm n 














M ea n  37.5 
L.S. D. (0.05) = 3.6 ] 
c.V.  % = 6.39 
• 
VP3 * Offshoot * M ean 
0/0 % 
4. 1 9 .5  6.6 
n .i kl m  
4.3 1 0.0 7.2 
n .ikl  
4.7 1 0.3 7. 1 
n jk 
4.8 1 1 .4 7.7 
n ij 
5.5 1 1 . 1  8.9 
n ij 
1 0.2  1 2 .4 1 6.3 
j k  ij 
24.9 1 4.0 32.9 
h I 
8 1 .8 73.3 76.3 
a cde 
75.7 7 1 . 1  72.0 
bc d ef 
74.5 68.2 7 1 .0 
bcd f 
77.3 68.2 73.9 
b f 
33.4 32.7  34.5 
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values a rc means  of  t b ree rep l ica t ions  (each rep l icat ion rep resents  date  
pa lm p l a n t let o r  offshoot)  . 
.. 
means w i t h i n  colu m n s  o r  rows fo l lowed by same let ter  do not  d i ffe r  
s ignifica n t l� at 0.05 level ( least sign ifica n t  d i ffe rence test ) .  
Table 6. The in teraction between treatments and the tages of 
accl imat ization and harden ing of Rzaiz date palm plants 
on  e lectro lyte lea kage (%). 
Treatment V P2 * V P3 * Offshoot M ean 
Heat 
Heat and NaCI 
H eat and KCI 
Heat and CaCh 
H eat a nd oleic acid 
H eat and  salt and  o leic acid 
H eat and salt and KCI 
Heat and salt and CaCh 
Mean 
L.S.D.  (0.05)  = 4. 1 4  
C.V. % = 7.05 
% 











defgh i  
35.7 






39.2 33.7 39.2 
bcd gh ij 
38.9 32.7 37.9 
bcde h ij 
39.0 32.2 37.4 
bcd ij 
39.3 34.5 38.7 
bcd fghij 
33.4 32.7 34.5 
ghij h ij 
36.0 30.7 34.3 
defghi J 
38.4 33.3 35.8 
bcdef h ij 
34.8 34.0 35. 1 
efgh ij gh ij 
37.4 33.0 36.6 
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values a re means of  t h ree rep licat ions (each rep licat ion repre cnts date 
palm p lant let or  o ff hoot).  
* *  means wi th in  colu mns or rows fo l lowed by same letter do not d iffe r  
sign ifica nt ly a t  0.05 level ( least sign ificant d i fference test ). 
Table 7. The i n teract ion  between various t reat m ents  a n d  tem pera t u res of Rza iz date  pa lm p la n t lets on electro lyte  lea kage (%) at  the  
VP2 acclim a t izat ion stage. 
Treat m ents  
Heat  
Heat  and salt  
Heat and KCI 
Heat  and CaCh 
Heat and oleic acid 
H eat  and salt  and o leic acid 
Heat  and  salt  and K C I  
Heat  and  s a l t  and  CaCh 
M ean 
L. S.  D.  (0.05) = 4.46 
C.V. % == 7.0 1 
2 2  
1 1 .4**  
1 1 .9 
5. 1 
6 .2  
6. 1 
6 .2  
4 .3  
4 .7  
7.0 
30 35 
1 8.5  1 8.3 
1 6.3 1 5.0  
1 5. 7  1 6.7  
1 9.8 1 7. 7  
7.4 6.4 
1 0.6  1 1 .5 
9.4 1 1 .0  
8 .9  9 .5  
1 3.3 1 3.3 
Tempe rat u re reg imes (oC )  * 
40 45 50 55 60 
1 9. 4  1 6.6  36.3 64. 1 73.2 
1 5.8  1 8.5  33.2 53.6 74.5 
1 6.3 1 4. 1  1 8.8 32.7 84.6 
29.9 1 8.9  22 .4  26 .2  75. 1 
6 .8 1 0. 1  26.2 59.9 73. 7  
1 1 .5 1 0.8 1 7.8 3 1 .5 7 1 .2 
1 1 .8 1 1 .4  1 5.8  2 1 . 1  74.4 
1 0. 7  1 2 .2  1 5.9  35 .2  72.9 
1 5.3 1 4. 1  23.3 '"'0 .5  75 .0  
va lues a re means of t h ree rep licat ions (each repl icat ion rep rese n ts date  pa lm p l a n t let o r  offshoot)  . 
-
65 70 75 M ea n  
76.4 75.0 8 1 .8 44.6 
77. 1 74 .7  72.0 42. 1 
82.9 8.t. l 8 1 .6 4 1 .2 
82.8 82 .4  82 .8  42 .2  
69.2 70.3 76.3 37 .5  
72A 74.6  80 3 6 . 2  
76.2 80.6 76. 7 35 .7  
78. 1 74 78.5 36.4 
76.9 77.0 78.7 39.5 
• •  means w i t h i n  col u m ns or rows fo l lowed by same letter  do not  d i ffer sign i fica n t ly at 0.05 level  ( least s ign i fica n t  d i ffc ren ce tes t ) .  
� 
Table 8. The i n teract ion between various t reat me n ts a n d  tempera t u res of Rzaiz date  pa lm pla n t lets on  elect ro lyte lea kage ( ,1<)) a t  t h e  
VP3 accl im a t izat ion stage. 
Treatment  
H eat  
Heat  a n d  salt  
Heat  and KCI 
Heat  and CaCh 
Heat  and o leic acid 
Heat  and salt  and o leic acid 
Heat  and salt  and KCI 
H eat  and sa lt  and CaCh 
M ean 
L. S. D. (0.05) = 4.48 
C.V.  % = 7.44 
22 





5 .7  
3 .4  




1 3.8  1 4.2  
1 0.0  1 5.9 





9.4 1 0.0 
Tempera t u re regi m es (
o
C) * 
40 45 50 55 60 
1 1 .3 1 0.6  1 6 . 1  66.2 69.5 
1 7.6  1 6.3 1 8. 1  57.3 59.6 
1 3.6 1 2 .5  1 3. 1  40.5 76.0 
1 6.9  1 6. 7  1 6.8  34.4 76. 1 
4.8 5.5 1 0.2 24.9 8 1 .8 
1 0.6  9. 1 9.4 33.9 78.2 
7.8 9.4 t o .7  57.9 78.5 
9.7 9.5 8.6 27.2 74.7 
1 1 .5  1 1 .2  1 2 .9 42.8 74.3 
va lues are means of t h ree rep l icat ions (each re pl icat ion rep resents date palm pla n t ict or offs h oo t )  . 
65 70 75 M ea n  
77.2 75.7 80.9 39.2 
75.9 76.0 73.6 38.9 
7804 80.3 82.5 39.0 
75.0 8 1 . 1  8 1 .3 39.3 
75.7 74.5 77.3 3304 
77.4 78.6 77.2 36.0 
80.8 78.3 77.8 3804 
76.7 8 1 . 2 74 .2  34.8 
77. 1 78.2 78. 1 37 04  
• •  means with in  colu mns  o r  rows fo l lowed by same let ter  d o  n o t  d i ffe r sign i fica n t ly a t  0.05 l eye l  ( least sign i fica nt  d i ffC l'e nce test ) .  
I 
s s  
Table 9. The I n teraction betw een various t rea t m e n ts a n d  tem pera t u res regi m es of Rza iz date  pa lm offshoot p lants  on 
elect ro lyte  lea kage (%). 
Trea tment  
H eat 
Heat and salt  
Heat and KCI 
Heat and CaCh 
Heat and o leic acid 
H eat  and salt  and  o leic acid 
Heat and sal t  and KCI 
H eat  and salt and CaCh 
M ea n  
L. S .  D .  0.05 = 3.4 1 
C.V. % = 6.4 1 
2 2  










1 0. 7  1 1 .6 
1 1 .5 1 1 . 1  
1 2 .4 1 4. 7  
1 5.8  1 7. 1  
1 0.0 1 0 .3 
1 2 .0 1 1 . 7  
1 1 . 1  1 3. 2  
1 2 .7  14  
1 2 .0  1 3.0 
Tempe ra t u re regi mes (OC ) 
40 45 50 55 60 
1 0.5  1 0.9  1 1 .3 1 3.4  63.8 
1 2 . 1 1 2 .2  1 3.0 1 8.3 7 1 .9 
1 2 .8  1 3.3 1 3.2 1 6.6  62 .7  
1 7.6  1 7.5  1 5.5 22 .7  63. 1 
1 1 .4  1 1 . 1  1 2 .4 1 4 .0 73.3 
1 2 .4  1 2 .9  1 4 .2  1 5.9  67.5 
1 1 .4  1 2 . 7  1 3.2  3 1 .5 62.9 
1 2 . 7  1 5  1 6.2  26. 1 7 1 .2 
1 2 .6  1 3 . 2  1 3 .6 1 9 .8 67. 1 
values a re means of t h ree rep lica t ions  ( each re pl icat ion rep resents date  pa lm p lan tlet  o r  o ffs h oot) .  
65 70 75 
76.3 77.5 74.3 
6'" 6 66.9 7 1 .9 
64.5 64.2 70.4 
64.9 66. 1 7 1 .2 
7 1 . 1  68.2 68.2 
68.9 57.6 57.7 
64.2 69 69.9 
63.9 66.9 67.3 
67.2 67.0 68.9 
-
M ea n  
33.7 
32.7 
32 . 2 
34.5 
32 .7  




* *  means w i t h i n  col u m n s  o r  rows fo l lowed by same let ter  do not d i ffer s ignifica n t ly a t  0.05 leve l  ( least s ign i fica n t  d i ffe rence tcst ) .  




CH A PTER V 
D I SCUSS I O N  
T he s igmoida l pa ttern  o f  electrolyte lea kage obta i ned I n  
t h is s tudy, for beat stress a lone or  for pretreated tiss ues wi t h  
NaCI ,  KCI,  CaCh, o r  oleic ac id  then e xposed t o  heat stress 
agrees wi th  prev ious stud ies ( N i lse n a nd O rc utt, 1 996). Si m i l a r  
patter n  was a lso obta i ned w h e n  the  leaflet segments were 
e xposed to sa l t  pl us each of oleic acid,  or  KCI, or  CaCh, a nd 
t he n  experienced heat stress. 
E lectrolyte lea kage is an i nd icator to the  i n,j u ry occ u rred 
to plasma mem bra ne after expos u re to st resses. I t  has bee n 
recog n i zed as a va l id, re prod u c i ble, s i m ple, a n d  q ua nt i ta t ive 
test for assessing cel l  via b i l i ty after hea t, sa l t  water, or eve n 
cold stresses ( Levitt, 1 980) .  I t  has been re ported for rna  ny 
yea rs that the cond uct ivity method is a d i rect i nd icator for 
mem bra ne i n tegrity (Ole i n i kova, 1 965). T h us,  i t  has bee n used 
to est imate heat i n,j u ry by meas u ri ng e lectrolyte lea kage s i n ce 
the plasma mem bra ne sem i perm eab i l i ty is l ost or damaged . 
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U nd e r  hea t s tress, prote i ns of the  plasm a  mem bra ne denatu re 
or a ggregate accord i ng to the  severity of s tress a nd/or 
mem b ra ne l i p ids becomes hype rfl uid.  T hese c ha nges res u l t  i n  
i nc reased lea ka ge of electrolytes from t he m e m bra ne ( Levi tt, 
1 980).  T he c u rren t  s tudy provided expe ri m enta l  evidences for 
t he d ifferences i n  heat to lera nce betwee n  in vitro date pa lm 
pla n t lets a nd t he offshoots grown a long  w i t h  the  m other pla n t  
u nd e r  nat u ra l  cond it ions. T o  t h e  best o f  o u r  knowledge, t h is is 
the fi rst s tudy t h a t  provided a q ua n ti ta tive dete r m i nat ion for 
hea t to lera nce  of d a te pal m  pla n ts.  I t  has been known for long 
t ime t h a t  d a te pa l m  pla n ts a re to lera n t  to hea t stress 
( Ha m m ouda et af. 1 998).  However, n o  acc u ra te test has been 
reported to s how the exact to lera nce level es pecia l ly for those 
pla n t lets reprod uced by tissue c u l t u re.  As  s hown in resu l ts, the  
t herm otolera nce " 'as 53.0 °c, 53 .5  ° C ,  a nd 5 8 . 5  ° C  for VP2, 
V P3,  a nd offshoots leaflets, respectively. T h is i nforma tion has 
ve ry i m porta n t  i m pl ications si nce m a n y  tissue  c u l ture pla n ts 
cou ld be d ie if  a i r  tem peratu re d u ri n g  the  day reac hed 50 °C . 
F u rthe rm ore, we m ust ta ke In cons iderat ion the hea t  
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a bsorption factor where i n  hot  c l imate hea t a bsorpt ion is 
h igber tha n hea t d iss ipa t ion .  As a resu l t  of th is, t issue 
tem pera t u re is usua l ly h igher  t h a n  air tem pe ra t u re by at least  
1 0  - 1 2 °C ( Levitt, 1 988). T hese resu l ts shou ld  gu ide date pa l m  
growers to the  s u ita ble t i me  of the yea r before tra nspla n t ing  
date pal m  plan tlets especia l ly  t hose produced by  tissue c u ltu re.  
Differences between in vitro pla n ts a nd offshoots of d a te 
pa lm a re expected s i nce tiss ue  c u lture p la ntlets a re prod uced 
u nder de lica te m icroe nv iro n me n �  w h i le  offshoots we n t  
through s uffici e n t  h a rde n i ng cond i tions  i n  t h e  field.  T he 
com pa rison between hea t tolera nce of t issue cu l ture date pa l m  
pla n tlets a nd offs hoots i s  .i ust ifiab le  s i nce these a re t h e  two 
methods used now days for d a te pa lm p ropagat ion.  T he other 
factor that  m ust  be cons idered that  V P2 a nd V P3 pla o tlets ca n 
not  reflect as m uc h  heat  as t h a t  reflected by offshoots beca use 
the tiss ue cu l ture pla n ts do not have a t h ic k  c utic le or s i m i l a r  
ep icutic lar  wa xes as  t h a t  fou nd  on offs hoot leaflets. T h us, the  
a voida nce mec h a n ism of tiss ue c u lture pla n ts after these two 
stages of acc l ima tization IS less effic ient  tha n the ha rde ned 
offshoots.  
With regard to hea t s t ress tolera nee in the presence of 
h ig h  sa l t  concen tration,  t he used NaCI in t h is study d id not  
have a n  adverse effect on the  t h e rmotolera nce of V P2, VP3 or 
offs hoot leaflets. T h is could be d ue to the  e xposu re to hea t 
stress after sa l t  stress, so there m ig h t  not  be a d i rect effect of 
the  pretreatment  with  salt. I n  other words,  NaCI  treatm e n t  
m i g h t  need more ti me to e x h i b i t  a n  i n,j u ry b y  heat after t h a t. 
T he other poss ibi l ity is that fol lowing  the pretreatment  w i t h  
N a C l ,  the  t issue m ight  need m o re d u rat ion o f  heat stress. T h is 
poss i bi l ity is supported by the  a na lysis of the i n te ract ion 
between t rea tments a nd the hea t regi me  (Ta ble  7 a nd 8) where 
sa l t  p l us hea t-treated tissues had s ign ifica ntly h igher  electrolyte 
lea kage t h a n  heat-trea ted tissues even at  su b le tha l  
tem pe ra t u re.  Si nce ea rly yea rs of  stress p hysiology, the effect of 
salts on therm otolerance has hee n  controve rs ia l .  Seve ra l 
i nvest iga tors s uggested a protective role for some sa l ts ( De 
V ries, 1 87 1 ) agai nst heat inj u ry .  Others ( Boge n, 1 948 ) fou nd 
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that  sa l ts lowered the  heat k i l l i ng  tem pera t u re. The d ifferences 
i n  res u lt were a tt ri b u ted to the a m o u n t  ta ke n  by the tiss ues. I f  
the tiss ues perm itted m o re penetra tion or  d iffus ion of sa l ts, the 
thermotolera nce wi l l  be lowered. Boroc hov et 01. ( 1 99 1 )  fi n d i ng 
revea led that  a n  excess of NaCI  ca used a n  i ncrease I n  
e lectro lyte lea kage. T he I D c rease I D  thermotolera nce of 
ca lc i u m - treated tissues, i n  th is s tudy, of V P2 a nd V P3 leaflets 
is suppo rted by the fi nd ings m a ny oth e r  researchers ( G a ry, 
1 970, Poovaia h a nd Leopold, 1 976, Leopold et ai., 1 984, a nd 
Richa rd a nd G a ry, 1 984). Ca lc i u m  was reported to play a very 
v i ta l  role i n  m a i n ta i n i ng the plas ma mem b ra ne i n tegr i ty. 
T h us, c a lc i u m  cou ld  protect leaf mem b ra ne aga i nst  lea k i ness 
i nd uced by heat stress. The pola r head groups of the 
mem bra ne phospho l ipds a re bound together  by calc i u m  tha t  
l i m i ts m e m bra ne permea b i l ity a nd red uce e lec trol� te lea kage 
( G a ry ,  1 970). 
S i m i la r  role for potass i u m  was re ported .  Ben- hayy i n u m  
et 01. ( 1 987 ) fou n d  that  potass i u m  a ppl icat ion c o u ld red uce the  
de lete r ious effect of  sa l i n i ty on pia nt  develo p m e n t. Potass i u m  
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ca n a lso b ind to the plasma m e m bra ne a nd ma in ta i n  i ts 
i ntegrity that  resu lts i n  red uci n g  electrolyte lea kage. Resu l ts 
s hown i n  Ta bles 2 a nd 3 agree wi th  th is expla nat ion.  T he data 
i n  ta ble 3 i nd icated that  there was no  a dded adva n tage on  the 
thermotolera nce of offshoots if the leaflets were pretreated 
wit h  potass i u m ,  ca lc ium, or oleic acid when com pared wi th  
heat t rea tment  a lone. S ince the therm otolera nce of  offshoot 
leaflets was h ig h  (58.5 °C ), t h is m ight  be the m a xi m u m  
pote n tia l  of tolera nce for s uc h  ha rdened tissues i n  the field.  
Regard i n g  the  role of u nsatu rated fatty acid o n  
i nc reasing the thermotolera nce of pla n ts, i t  was reported by 
H a rd wood et a l. ( 1 994) that these acids p rotect the mem bra ne 
from hyperfluid ity that  mea ns keep ing  i ts i n tegrity. The 
c ha nge in mem bra ne fl uid ity affects the p roperties of 
em bedded prote i ns (enzymes) that m a ke the mem bra ne more 
lea ky to electrolytes. I n  th is resea rch, the pretreatment  wit h 
ole ic acid ca used a n  i ncrease i n  the t h e rmotolera nce of V P2 
a nd V P3 leaflets (Ta ble 1 a nd 2 ). T hese resu l ts agree with what  
wa reported on t he positive effects of  u nsa turated fa tty acids 
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on the p lasma m e m bra ne ( H a rood et al., 1 994 a n d  N i lsen a nd 
Orc utt, 1 996).  
Effect of the  d u ra tion fac tor  has been reported in s tress 
stud ies ( Lev i tt,  1 980; N i lson a n d  O rc utt, 1 996).  Res u l ts of t h is 
s tudy a lso  propose tha t. A lthough the t he rm otolera nce 
between V P2 a nd V P3 leaflets d id  not v a ry m uc h, bu t  
electro lyte lea kage of  V P2 leaflets was s ign ifica n tly h igher  t h a n  
t h a t  o f  V P3 leaflets a t  s ubletha l tem pe ra t u res. T hese resu l ts 
suggested the  i m porta nce of s tudy ing  the t h e r motolera nce of 
t h is s tage a t  va rious d u ra tions.  
I n  a s i m i l a r  way, electrolyte lea kage of heat  p lus  sa l t  
t rea ted- tiss ues (Ta bles 7 a nd 8 )  was s ign ifica n t ly h igher tha n 
that  lea kage obta i ned with  heat pl us N aCt  i n  the  prese nce of 
oleic ac id ,  KCt ,  or CaCI2 even a t  s u bletha l  tem peratu res for 
V P2 a nd V P3.  These find i ngs s uggested aga i n  t h a t  the effect )f 
hea t p l us sa l t  at var ious d u ra t ions on the  tolera nce level of V P2 
a nd V P3 cou ld be add ressed i n  fu rther  com i n g  s t ud ies. 
I n  gen e ra l, there is a g rea t pote n t ia l to I llcrease t he 
therm otolera nce of the two accl imat ized  stages by 
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pretrea tment  them with safe c hem ica ls such  as potass i u m  
c h loride, ca lc i u m  c h loride, or  ole ic  ac id .  T h is thesis s uggests 
i m porta nt  a pp l ied aspects that  cou ld rescue accl imatized date 
pa l m  p lant lets from heat stress a lone or  i n  the presence of h igh  
sa l t  concentrat ion.  
CHAPTER VI 
CONCLUSIONS 
CHA PTER V I  
CONC LUS IONS 
Res u l ts presented in th is thesis demons trated the fol lowi ng:  
1 .  Heat stress regime resu l ted i n  consistently ge nerat ing a 
s igmoid a l  c u rve as s hown i n  other stud ies. Furtherm ore, 
pretreatment  of leaflets with  NaCI, KCI ,  CaClz, or oleic 
a c id then  t he heat regim e  a lso resu l ted in a s im i lar  
s igmod i a l  pattern.  
2 .  T h is study s h owed for the fi rst t i m e  a q ua ntita tive 
determ i nat ion of the therm otolera nce for tissue c u l t u re 
p lant lets a t  two stages of acc l i mat izat ion ( V P2 a nd VP3) 
a nd for h a rdened offshoot of the sa m e  Rza iz c u ltiva r. 
T hese a re the two stages that  a re c u rre n tly d istributed to 
date pa l m  growers. Offshf'ots thermotole ra nce was 
g reater  tha n that VP2 a nd V P3 leaflet. 
3 .  H eat tolera nce of leaflets tiss ues afte r the expos u re to salt  
( N aCI 1 % w/v) did not va ry fro m  heat tolera nce 
w i thout  the sa lt. Low concentration of salt  cou ld have a 
protective role aga inst  heat stress wh i le h igh sa lt 
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concen tra t ion  lowers the  thermotolera nce. T he salt  
concen t ra tion  a nd d u ra tion  used to t reat with sa l t  d id not  
ach ieve e i ther of the  two poss ib i l i t ies. 
4.  A marked i nc rease i n  the  thermotolera nce of V P2 a nd 
V P3 leaflets occ u rred w h e n  t iss ues were pretrea ted wi th  
KCI, CaCh, or  o le ic  ac id w h e n  compa red w i th  heat  s tress 
a lone. 
S. T he h ig hest va l u e  of thermotolera nce was obta i ned w i t h  
offs hoot leaflets.  H oweve r, pretrea ted w i t h  other 
com pou n d s  s u c h  as KCI,  CaCh, or ole ic acid d id not 
res u l t  I n  i nc reased therm otolera nce. I t  could be 
conc luded t ha t  58.5 °c m ig h t  be the max i m u m pote n t ia l  
for heat tolera nee. 
6. A lthough  hea t tolera nce of V P2 and V P3 leaflets d id not 
va ry m uch ,  but the i n teract ion between used 
tem pera tu res a nd the t h ree stages of growth s howed tha t  
V P2 leaflets h a d  s ign ifica n t ly h igher e lectrolyte lea kage 
t ha n  V P3 leaflets at su bletha l  tem peratu res. 
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7. Even though the  pretrea tmen t  with  sa lt  did not sh i ft the  
tolera nce of  VP2 a nd V P3 leaflets, but  the  i nteract ion  
between t reatments a nd the  heat regime showed that  
heat  p lus  sa l t  treatment resu l ted in  s ign ifica ntly h ig her  
electrolyte tha n heat  pl us  sa l t  in  the presence of  KCI ,  or 
CaCh or  o le ic  ac id at  s ub letha l concentra tions.  
8. Concl usions made u nder  the last two poi nts i nd icate that  
the  d u ration factor in  stress is very i m po rta nt  as  
mentioned i n  the l itera t u re. 
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APPENDIX 
1 1 () 
A PP E N D I X  
Analy i of va riance of the interaction betw een the heat regime and the  two 











- - - - - - -- -----------------------------------------------------------------------------------------
2 Factor A* 2 1 983.335 99 1 .667 66.0058 0.000 1 
-3 Error 6 90. 1 44 1 5.024 
4 Factor B**  10  8340 1 .045 8340. 1 04 633.6692 0.0000 
6 AB 20 5284. 1 08 264.205 20.0739 0.0000 
-7 Error 60 789.696 1 3. 1 62 
Tota l  98 9 1 548.327 
Coefficient of Variation :  9.27% 
S_ for means group 2 :  0.6747 
y 
N u m ber of  Observat ions:  33 
S_ for means group 4: 1 .2093 
y 
N u m ber of  Observations: 9 
S _ for means group 6: 2.0946 
y 
N u m ber of Observat ions: 3 
* Factor A = Stages 
* * Factor B = Heat regimes 
Analysis of variance of the in teraction between heat plus o leic acid treatment and 
tbe two stages of accl imatizat ion and offshoots of Rzaiz date pa lm. 
K Degrees of Sum of 
Value Source Freedom Sq uares 
2 Factor A* 2 438.547 
-3 Error  6 35.375 
4 Factor B** 1 0  90 1 54. 1 88 
6 AB 20 4 1 35.829 
-7  Erro r 60 292.485 
M ea n  
Square 




37. 1 9 1 7  0.0004 
90 1 5.4 1 9  1 849.4092 0.0000 
206.79 1 42.4209 0.0000 
4.875 
---------- -------------------- - - - - - - - -- - ------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - ---
Total  98 95056.423 
Coefficient of Va riation :  6.39°;;. 
for mean group 2 :  0.4227 
y 
S_ for means group 4:  0.7360 
y 
S for mean group 6:  1 .2747 
y 
* Factor A = Stages 
Number of Observa t ions: 33 
N u m ber of Observations: 9 
N u m ber of Observat ions: 3 
** Factor B = H eat plus oleic acid t reatment 
1 1 1 
Analysis of variance of the I nteraction between various t reatments and the two 
stages of acclimat izat ion and offshoots of Rza iz date palm. 
K Degrees of Sum of M ean  F 
Value Sou rce Freedom Sq uares Square Value Prob 
- - - -- - -- -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - -- - - - - -- - - - - - ----- - - - -- - -- - - - - - - - - - -- - - - -
2 Factor A * 2 5843.675 292 1 .837 438.4832 0.0000 
4 Factor B * *  7 2563.96 1 366.280 54.968 1 0.0000 
6 AB 1 4  1 699.447 1 2 1 .389 1 8.2 1 70 0.0000 
8 Factor C ***  1 0  659954.2 1 9  65995.422 9904.0023 0.0000 
1 0  AC 20 9967.635 498.382 74.7927 0.0000 
1 2  BC 70 624 1 .492 89. 1 64 1 3.38 1 0  0.0000 
1 4  ABC 1 40 1 1 999.069 85.708 1 2.8622 0.0000 
- 1 5  Error 528 35 1 8.333 6.664 
- - - - - - - - - - - - - - - - - -- - - - - -- - - - -- - - - - ------------- - - - - - - - - - - - - - - - - - ------------------------ - - - - - - -
Total  79 1 70 1 787.83 1 
Coefficient of Va riation :  7.05% 
S_ for means group 2 :  0. 1 589 
V 
S_ for means group 4: 0.2594 
y 
S_ for means group 6: 0.4494 
y 
N u m ber of O bservations: 26 ... 
Number of Observations: 99 
N u m ber of Observat ions: 33 
S_ for means group 8: 0.3042 N u mber of Observations: 72 
y 
S _ for means grou p 1 0 : 0.5269 N umber of Observa t ions: 2 ... 
y 
_ for means group 1 2 : 0.8605 Number of  Observat ions:  9 
>: 
* *  
* * *  
y 
S_ for means group 1 4 : 1 .4904 N u m ber of Observat ions: 3 
y 
Factor A = Stage 
Factor B = va rious t rea t ment  
Factor C= Tempera t u re regi me 
1 1 2 
Ana lysis of variance of t he interact ion between various t reatments and 
tempera tures of Rzaiz date palm at  the  VP2 accl imat izat ion stage. 
K 
Value Source 
2 Factor A * 
-3 E rror 
Degrees of Sum of 
Freedom Squares 
7 2697.038 
1 6  1 30.375 
4 Factor B * *  1 0  228593.700 
6 AB 70 8 1 1 5.224 




8. 1 48 
22859.370 











- - - - - - - - - - - - - - -- - - - - -- - -- -- - - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - ,- - - - - - - -- - - - - - - - - - - - - - - - - - - - -
Total 263 24076 1 .640 
Coefficient of Variat ion :  7.0 1 % 
S_ for means group 2 :  0.4969 Number of Observat ions:  33 
y 
S_ for m eans group 4 :  0.5649 Number of Observat ions:  24 
y 
S_ for means group 6: 1 .5977 Number of Observations: 3 
* Fa ctor A = T reatments 
* *  Fac tor B = Tem pe ra t u re regi mes 
Ana lysis of variance of the interaction between various t reatments and 
tempera tures of Rzaiz date palm at the V P3 accl imat izat ion stage. 
K Degrees of Sum of Mean F 






Factor A * 7 1 226.737 
Error 1 6  1 9 1 .45 1 
Factor B * 1 0  25934 1 .8 1 3  
AB 70 70 1 1 . 1 98 
Error 1 60 1 237.3 1 5  
Total 263 269008.5 1 6  
1 75.248 1 4.6459 0.0000 
1 1 .966 
25934. 1 8 1  3353.6073 0 .0000 
1 00. 1 60 1 2.95 1 9  0.0000 
7.733 
Coefficient of Va riat ion:  7.44% 
_ for means group 2: 0.6022 
y 
S _ for means group 4:  0.5676 
y 
S_ for means group 6 :  1 .6055 
y 
* Factor A = Treat ments 
* *  Factor B = Tempe ra t u re regi me 
1 1 3 
N u m ber of Observat ions: 33 
N u m ber of Observat ions: 24 
N u m ber of Observat ions: 3 
Analysis of ,'a riance of the  I n teraction between various treatments and 
temperatures of  Rzaiz offshoot. 
K Degrees of Sum of F 
Value Sou rce Freedom Squares 
M ea n  
Square Value Prob 
------ ---- ---------------------------------------------------------------------------------
2 Factor A * 7 3 1 6.42 1 45.203 9.5485 
-3 Error  16  75.745 4.734 
4 Factor B * 1 0  1 8 1 962.296 1 8 1 96.230 4072. 1 385 
6 AB 70 3028.537 43.265 9.6822 
-7 Error  1 60 7 1 4.955 4.468 
Total  263 1 86097.954 
Coefficient of Va riat ion :  6.4 1 % 
S_ for means group 2 :  0.3788 
y 
N u m ber of Observations: 33 
S_ for means group 4: 0.43 1 5  
y 
S_ for means group 6: 1 .2204 
y 
* Factor A = Trea t m e n ts 
* *  Fa ctor B = Tem pera t u re regi m e  
N u mber of  Observat ions: 24 




1 1 4 
Co nve rsion Ta ble 
Used U n i ts U n it  i n  ppm 
0 . 2  M eaCh 22200 
0.2 M KCI 1 49 1 0  
1 % NaCI  1 0000 
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